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APPENDIX A 



THE LMIS MODEL; AN ECONOMETRIC MODEL OF LOCAL URBAN LABOR MARKETS 
Malcolm S. Cohen, C. Russell Hill and Harold T. Shapiro'^ 

1.0 Regional Analysis And Econometric Models 

Overall economic welfare differs significantly from one region of 
Lhe country to another. It is quite clear that not all regions have 
shared equally in the growth of the U. S. economy.''' Further, even 
those regions that exhibit the same average rate of growth as the 
national economy do not always share the same pattern of growth. Thus, 
although the secular and cyclical forces that determine the level of 
national economic activity are often the most dominant factors in the 
determination of regional economic activity, other forces are at work 
which must be analyzed and understood. The study of regional economic 
growth, therefore, requires an understanding of the forces governing 
national economic activity, the relation of a region's development to 
such activity and the systematic factors which cause the r^^gi'.a to 
deviate from the national norm. The careful study of the development 
o2 regional economic activity should help us to better understand the 
nature of the process and thus provide some of the information necessary 
for the planning of regional economic policy. 

The notion of a region, or a geographic subsector of the national 
economy is not easily or uniquely defined. There are many alternative 
criteria for dividing a large area into regions, depending on the nature 



* The Labor Market Information System Project is sponsored by the 

Manpower Administration, Office of Research and Development, United 
States Department of Labor, under contract no. 71-24-70-02. The 
views represented in this paper are the sole responsibility of the 
author and do not necessarily reflect the views of the the Department 
of Labor. 

^ Even in long run equilibrium (where no factor of production has any 
incentive to change the level or location of its activity and where 
no shifts in resources will increase national product)^ per capita 
incomes will not be the same in all regions. Differences will persist 
because of the differences in the skill composition of the labor force, 
differences in labor force participation rates and differences in the 
extent of ownershi.p of non-human capital. 



and objectives of the study. Generally, however, we confine our search 
to contiguous geographic areas that have certain common characteristics 
and, when planning quantitative studies, they must also be areas for 
which the required data are available or can be conveniently produced. 
The construction of regional econometric models is one of a number of 
methodologies available that promise to yield some new insights into 
the economic development of the national economy. I1ie principal objec- 
tive of these models, therefore, is to provide a useful tool of 
analysis for those concerned with the regional economic planning. A 
summary and analysis of some of the most recent work in this area can 
be found in Milliman [24] and Meyer [23]. 

1.1 The LMIS Model - An Introduction 

The LMIS model represents the initial result of an experiment to 
build an econometric model primarily designed to "model" the response 
of employment and unemployment in local urban labor markets to cyclical 
economic forces. The geographical unit of analysis is the Standard 
Metropolitan Statistical Area (SMSA) . Thus, although the model belongs 
to the growing class of attempts to use econometric models to improve 
our understanding of both the cyclical and secular development of 
various aspects of "Regional Economies," it is the first attempt we 
are aware of to model in some detail the cyclical forces determining 
labor demand and supply within an SMSA. Host previous studies of 
regional labor markets have concentrated either on determining the labor 
requirements for a particular configuration of output (through input- 
output studies), or on the relationship between "export" induced 
employment and the total employment of a region (community economic 
base studies). The studies of Hirsch [15] and Thompson [32] provide 
early examples of the "requirements" approach and the "export-base" 
approach, respectively. Both of these approaches are concerned with 
the estimation of the effects on local employment of shifts in "export" 
demand (aggregate demand generated outside the region). In a recent 
study, Baschler [3] provides an interesting discussion of the possible 
equivalences of these two procedures, while Humphrey [IS] has contributed 
a useful article setting forth a suggested methodological framework for 
future investigations of this type. A study by Dockson and Shreiner [7] 



is a good example of a more recent empirical study on local employment 
patterns, but this work confronts a somev^hat different topic — the 
effect of private investment on the pattern of state employment. Another 
class of studies on local employment has been generated out of the 
broad literature on location theory. These studies deal with local 
employment as part of the dynamic movement of populations between urban 
and rural regions and/or between various growth centers. The study by 
Lewis and Prescott [20] is a good example of this approach. There are 
only a few studies on the determination of local labor force participa- 
tion rates (e.g., Parker and Shaw [27]) and all of these are developed 
on the basis of cross section data and, therefore, contain no dynamic 
elements . 

None of the above studies, however, deals adequately with the 
mechanism by which supply and demand adjusts over time to changes in 
various stimuli. Perhaps the study that is closest in spirit to the 
current investigation is the work by Glickman [8] on an econometric 
forecasting model of the Philadelphia region. Glickman's model contains 
an employment-wage-labor output for three industries and income. The 
LMIS model has a considerably more complex articulation of the labor 
market, but contains no mechanism for the determination of local output. 
The particular objective of the present model is to produce a mechanism 
capable of assisting in policy analysis, estimation of current labor 
force estimates, forecasting and other aspects of decision making 
relating to local (SMSA) labor markets. 

The model is primarily concerned with isolating, from quarterly 
time series data generated over the period 1956 through 1972, equations 
which predict SMSA employment by industry, labor force participation 
rates and population by age/sex groups as well as the aggregate levels 
of both local unemployment and the local labor force. The current 
investigation studies the labor markets of Detroit, Milwaukee and 
Denver, each of which is represented by a separate set of relationships 
attempting to describe certain key aspects of the operation of labor 
markets in these areas. Thus the LMIS model is really three separate 
models (one for each of the above SMSAs) which operate independently 
of each other. All three rnodels, however, are built around the same 
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conceptual framework and attempt to pattern the same aspects of the 
local labor market in each case. This general framework could, in 
principle, also be applied to other SMSAs. The flow diagram presented 
below (Fiia;ure 1) summarizes the basic outlines of the model used. The 
diagram represents a substantial simplification of the acutal model 
and should, therfore, be interpreted with some care. It does, however, 
reflect some of the principal forces at work. 

The following summary features of the model should be noted: 

1) Local employment is heavily influenced by both the level and 
composition of national aggregate demand. Indeed, these are 
the most important forces determining the variation in local 
employment levels. However, as one would also expect, non- 
manufacturing employment is relatively less dependent on changes 
at the national level than employment in the manufacturing 
sector. 

2) The model is primarily focused on short run cyclical changes 

in local employment. It does not deal directly with the issues 
of long term (secular) shifts in employment patterns. 

3) The design of the model calls for a uni-directional flow of 
causality from the national economy to the local labor market. 
There is no provision for any feedback into national economic 
activity caused by the evolution of economic events in the 
local labor market. Although this feedback undoubtedly r^xists, 
it is assumed to be of minor importance. 

4) Wage rates and interest rates are assumed to be governed by 
forces at the national level. While wage rates are not 
governed by national forces in all industries, this exception 
is of minor importance to our model. 

5) The 'demand sector** of the model generates total establishment 
employment (number of jobs). Total employment on a household 
basis is then derived in order to generate estimates of the 
level of unemployment. 

6) Although net migration and commuting are important channels 
of adjustment in local labor markets, the current model does 
not have data on projections of these flows for the post 1970 
Census period. The principal difficulty in isolating these 



FIGURE 1 Variable List 



a) National Variables (designated by an asterisk on FIGURE 1) 



A 


Employment in Armed Forces 


CMH 


Compensation per Manhour - Private Nonfarm Sector (Current Dollars) 


E 


Total Employment (Establishment) 


GNP 


Gross National Product (Constant Dollars) 


H 


Average Hours Worked 


IP 


Industrial Production (Manufacturing) 


L 


National Labor Force 


PGNP 


GNP Price Deflator 


RAAA 


Triple A Corporate Bond Rate 



(SMSA) Variables 
EmployiTient in Manufacturing 

Employment in Non-Manufacturing 

Total Establishment Employment 

Total Employment (Household Basis) 

Labor Force 

Population 

Unemployment 

Desired Labor/Output Ratio for Local Manufacturing Industries 



b) Local 

hi 

^NM 
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mechanisms is the lack of appropriate time series data. The 
model does allow, however, for independent projections of 
these flows to interact with other elements determining the 
size of the labor force. Thus, a researcher or analyst could 
use the current model to investigate the effects of shifts in 
these flows. In the sample period, the population estimates 
are generated by compound population growth rates derived 
from the 1960 and 1970 Censuses of Population. For predictions 
beyond the sample period account is taken of changes in birth 
cohorts during the sixties. 

7) The lack of time series data on the local labor force by age/ 
sex groups necessitated the extensive use of parameters esti- 
mated from national data in that part of the model determining 
labor force participation rates by age/sex groups. These 
parameters were then adjusted to reflect local conditions 
through information available on the composition of the local 
labor force at Census dates. Thus, in each of the separate 
models the parameters reflect the influence of local conditions, 
although somewhat imperfectly. The resulting sets of parameters 
were then used together with variables reflecting local labor 
market conditions to generate local labor force participation 
rates over time. 

8) The model underlying the demand equations for employment in 
manufacturing is quite distinct from that used in the non- 
manufacturing sector. In the manufacturing sector the desired 
mix of labor and capital (toward which the firm is moving) is 
determined by relative prices, and short run employment decisions 
are centered around expected demand for output and the existence 
of a surplus (deficit) of workers in a firm. Thus, *'labor 
hoarding" is allowed a significant role. In the non-manu- 
facturing sector a somewhat simpler model is employed. 

Each of the models contains a mechanism to determine the following 
labor market variables: 
Employment 

1) Manufacturing Employment (Establishment Basis) 
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a) Durables 

b) Non-Durables 

2) Non-Manufacturing Employment (Establishment Basis) 

a) Construction 

b) Financial Institutions, Real Estate, Services and Mining 

c) Transportation and Public Utilities 

d) Wholesale and Retail Trade 

e) Government 

3) Total Employment (Establishment Basis) 

4) Total Employment (Household Basis) 

2 

L abor Force and Population 

5) Labor Force by 10 age/sex groups 

6) Population by 10 age/sex groups 

7) Total Labor Force and Population 
Unemployment 

8) Total Unemployment 
Miscellaneous 

9) Desired capital/output ratios in durable and non-durable manu- 
facturing. 

In principle, the model can be disaggregated to more industry 
groups. In preliminary versions of the model, disaggregated estimates 
were made successfully. Similarly, additional disaggregation was attempted 
on the supply side. 

The remainder of this paper is divided into two principal sections. 
Section 1.2 deals with the derivation and estimation of the relationships 
governing the demand for employment (supply of jobs). This section 
also includes a discussion of the procedures used to model the desired 
output-labor ratio for each industry. Section 1.3 describes in detail 
the mechanism used in the LMIS model to generate quarterly estimates 



' The model differs from the Employment Service procedures for con- 
struction of labor force estimates because the LMIS model predicts 
the number of persons in the labor force while the Manpower 
Administration procedures predict the work force by inflating 
the number of jobs in the area by an unemployment rate [5, 39]. 
Since other Emplo3mient Service procedures measure "persons" who 
need manpower programs, a technique for generating labor force as 
opposed to work force estimates has something to offer. 
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of SMSA labor force and population. We should note that the model is 
still in an experimental stage, and a significant amount of further 
testing is necessary before an adequate amount of confidence can be 
placed in its output. Preliminary results are encouraging, however, 
and they are presented in a working paper rather than published at 
this time. In future papers we also hope to present forecasts for the 
three SMSAs. 

1.2 The Demand For Labor 

This section of the study is concerned with the mechanism determining 
the demand by firms for labor inputs in a given SMSA, Our aim is to 
isolate from the appropriate data base the relationship governing the 
quarter to quarter changes in employment, by various industry groupings, 
within each area studied. This section discusses the general nature of 
the models used to help specify the labor demand equations of our model 
and then derives the basic regression models for both the manufacturing 
and non-manufacturing industries. This section also discusses the 
determination of optimal output-labor ratios — an important variable — 
in determining the demand for labor. 

The demand for labor inputs is^ of course, but one of a whole host 
of interrelated decisions which every firm must make and it is important 
that any proposed mechanism for "modeling" this aspect of firm behavior 
give adequate recognition to these interrelationships. Of particular 
concern to us is the nature and relationship of the firm's production, 
pricing, and factor demand decisions. These decisions are related not 
only because of the common decision unit involved, but because they 
are constrained by the technological possibilities currently available 
to the firm and the speed with which adjustments from the status quo 
can be made. Economic theory, however, does offer us some guidance in 
developing a model for firm decision making in this context. The 
"neoclassical" model of interrelated factor demands provides the basic 
starting point for the specification of labor demand equations, particu- 
larly for manufacturing firms. It is important to note, however, that 
the theory can be taken only as a preliminary guide since it applies 
directly only to a world of perfect competition, perfect knowledge, and 
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profit maximization. Further, most of the results concern the equilibrium 
position of the firm. 

The neoclassical theory of the firm envisions firms as attempting 
to maximize profits subject to the technological constraints with the 
following framework: 

Maximize n = pQ - wL - rK (1) 

Subject to Q = f(K,L) (2) 

where 

IT = profits 

p = price of output 

w = price of labor services 

r = price of capital services 

Q = output 

L = labor inputs 

K = capita], inputs 
Under these conditions, in equilibrium the firm's decision regarding its 
level of output and its consumption of labor and capitol services are 
functions of output prices (p), capital prices (r) , labor prices (w) and 
the parameters of its production function (equation (2) above) . In parti- 
cular, the demand for labor will depend on the capital stock and 
relative input prices. This static model has been extended to a dynamic 
context where the present value of future profits are maximized 
and the cost of adjustment implied by shifting technologies is 
incorporated. These extensions have the effect of introducing additional 
variables into the firm's decision process, particularly expected 
values of future prices, future wages, and future demand conditions. 
Relative prices (or expected relative prices), however, remain the 
important determinant of factor demands. 

The approach taken in this study is to use some of the basic 
insights provided by the neoclassical model within a framework that 
reflects the particular objectives of the study and allows adequate 
allowances for the "imperfections'* of the market being analyzed. Our 
primary interest is in the short run demand for employment. In this 
context it seems reasonable, at least as a first approximation, to 
take the existing capital stock and the state of technology as given 
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and to analyze how the firm develops plans for the overall level of 
operation (output) and derives its demand for labor. There have been 
a number of studies of the demand for labor at the national level which 
have taken this approach ([2], [14], [17]), but the study by Fair [9] is 

perhaps closest to the basic underlying model which we employ, especially 
with regard to the labor demand model we use for the manufacturing 
industries. We have approached the manufacturing and non-manufacturing 
sectors somewhat differently for the following reasons. First, it 
seemed to us that many of the developments in economic theory that deal 
with the demand for labor were more directly applicable to manufacturing 
industries than to non-manufacturing industries. This is especially so 
with respect to the "neoclassical" theory of factor demands which places 
great emphasis on the substitutibility of capital, employment, and 
average hours worked in the cyclical evolution of employment. Second, 
for the particular SMSAs under investigation in this study (and for 
many, though not all, urbanized areas), the manufacturing industries 
represent the primary "export-base" sector in the region. Relatively 
speaking, output in manufacturing (and, therefore, the derived demand 
for labor) is much more directly dependent on national demand factors 
than output in the non-manufacturing sector. For the non-manufacturing 
industries it is the level of local activity that is the primary direct 
stimulus to output. There are, of course, important interrelationships 
between these sectors, but we felt these differences were adequate to 
justify a somewhat different treatment of these two industry groupings. 
We turn now to a detailed description of our models. We begin by 
outlining our model for the manufacturing industries and follow this 
with a description of the mechanism used in the case of non-manufacturing 
firms. ~ 

Manufacturing Industries : We begin by assuming the following 
production function to provide the framework for the firm's decision 
making in the short run: 

Q* = cx(t)L* (3) 

where 

Q* = desired output 

L* = desired labor inputs 
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Labor inputs > of course, can be adjusted by changing the number of 
employees, by changing the number of hours worked per employee or by 
some combination of these two alternative policies. We can express 
the desired labor inputs, therefore, in terms of its basic components 
as follows, 

= E*H* (4) 
t t t 

where 

E* = desired level of employment 

H* = desired level of average hours per employee 

Substituting (4) into (3) yields 

Q* = a(t)E*H* (5) 

Equation (5) may be solved for a(t), a variable which will play an 
important role in the development of our model. 



a(t) = = P* (6) 

t t 



It is now clear that a(t) is simply the inverse of the desired labor- 
output ratio or the "equilibrium" value of output per manhour. This 
is a critical variable in our analysis since it determines a firm's 
desired level of labor inputs once a level of production, or output, 
is decided • It is the movement of this variable over time that allows 
for changes in the relation of labor inputs to total output. A model 
governing the determination of this variable is outlined below. 

Subject to the constraints implied by equation (5) above, we adopt 
the following model for the demand for employees by the firm, 

Vi IVT/ VU) \>''h<o; (7) 
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That is, changes in employment reflect the "cascading" of the adjust- 
ment processes, represented by the two principal variables on the right 
hand side of equation (7), Let us examine each of these separately. 
The first term (E*/E^ ^) simply reflects the discrepancy between the 
actual number of employees at the beginning of the period (E^.^^ 
the firm's desired level of employment (E^) , Our hypothesis is that 
firms will adjust gradually towards their preferred state. The para- 
meter is a measure of the speed by which they will adjust* Tliat is, 
if the actual level of employment is below the desired level there will 
be an increase in employment (X^>0) and the larger X^^ the quicker 
the gap will be closed. The second term, (E^ l^^t 1^' is a measure of 
the "excess stock" of labor on hand (employed in the firm) at the 
beginning of the current period. We assume that only at peak rates 
of output will firms not be investing in (hoarding) excess labor. There 
are many reasons why a firm would find it to its advantage to hold 
(hoard) excess labor. Some of the primary ones are: 1) Contractual 
commitments or seniority provisions where younger and often more 
efficient workers must be laid off first, 2) Transaction costs - costs 
of hiring and laying off workers, 3) Retraining costs and loss of 
acquired skills by laid off workers, 4) Other reasons such as morale 
problems or higher re-organization costs. Our hypothesis is that the 
greater the excess stock, the smaller will be the necessary and actual 
changes in employment (X^ < 0) . 

In order to derive a regression model to test the above mechanism, 
it is necessary to express each of the above expressions in terms of 
variables other than E* which is not directly observable. From (6) 
we can write. 



Dividing both sides of (8) by yields the desired expression for 

the gap between desired and actual employment (E*/E -) 



E* = 
t 




(8) 




(9) 
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To obtain the appropriate expression for our "excess employment" term 
(E^_^/E*_^), consider the reciprocal of equation (9), 



^-1 . 
t ^t 



p*H^E* 



Now, from equation (8) 



E* 



't-1 P*_iH*_^ (11) 
Dividing (10) by (11) and using (6), yields 



Vi ^%-i^t-i^-i 



(12) 



We now have appropriate expressions for each of the principal "driving" 
variables in our model • 

Given the multiplicative fornj of our principal hypothesis (equation 
(7)), it is convenient to express our estimating equations in logarithmic 
form. We begin our derivation of the regression equations, therefore, 
by transforming (7) as follows: 

E E* E _ 

^t-1 ° ^ ^t-1 ^ ^t-1 

Substituting (9) and (12) for (E*/E^^^) and (^^^i/^^^i^ respectively, 
and rearranging terms, yields the following basic initial regression 
model 

p ?-i"t-i^t-i 

- A^A£np* X^&Znti* + (14) 
where is a stochastic error term added to the model 
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A number of issues remain, however, before the model represented by 
equation Cl4) can be implemented. These involve the measurement of 
Q* (desired output), the measuremnt of p* (desired output-labor ratio), 
and the measurement of (desired level of average hours worked per 
employee). We now deal with each of these issues in turn. 

Regarding the desired level of production or output (Q*) we make 
the simple assumption that production targets are achieved on a period 
by period basis. That is, we assume Q* Q^.» that actual output is 
equal to the desired target. We did experiment with a number of more 
"sophisticated" mechanisms for determining Q* (including most of the 
usual "expectational mechanisms'*) , but these alternative procedures 
yielded no net benefits as far as we could judge. We retained, there- 
fore, the above "naive" hypothesis. 

Estimates of p* were derived in two steps. First, for each industry 
involved the Federal Reserve Board's index of industrial production was 
combined with an index of aggregate manhours worked (from BLS 790) to 
derive quarterly estimates of the actual output-labor ratio in each 
industry. By plotting these actual ratios over time and connecting 
the peaks, we derived estimates of the desired output-labor ratio — 
p*. Figure (2) illustrates the relationship between the actual output- 
labor ratio (p ) and the desired ratio (p*). 
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Although the data underlying the calculation of p are all industry- 
specific, they are based on national aggregates and do not, therefore, 
reflect possible differences in either the actual or desired combinations 
of capital and labor in the different regions studied. In general, the 
national data were consistent with Fair's [6] hypothesis that employers 
adjust their work force to a near optimal situation once a year, since 
there was usually one peak per year in each industry, often in the 
same quarter. 

With respect to a measure for H* (average hours worked per employee), 
we experimented with a number of alternatives, each one of which implied 
a somewhat different estimating equation for our model. Our first pro- 
cedure was simply to assume that the desired level of average hours 
worked per employee (H*) was a constant over our sample period (1956- 
1972). This we refer to as Model A. Our second approach was to adopt 
the "naive'* model employed in the case of Q* and simply assume that 
the desired and actual level of average hours worked were the same, 
i.e., H* = H^. This we refer to as Model B. Finally, in our third 
model (Model C) we allowed for the possibility both of a long run trend 
in H* as well as the possibility that the desired or optimal level of- 
this variable might also have a cyclical component. Allowance for 
these factors required the incorporation of the following additional 
relationships into our basic model. 

H* = aQe^^e^^''^; y<0, f'(u)<0; (15) 

where u = unemployment rate 
t = time trend 

To incorporate this relationship into our model it is somewhat more 
convenient to deal with the logarithmic form of this expression. 
Taking natural logarithms of both sides of equation (15) yields 

£nH* = Aq + Yt + f(u) (16) 

Incorporating these various assumptions along with the basic model 
presented above (equation (14)) yields the following alternative models 
and estimating equations. 

ejIc 



JinI 



- X^ASinp* - X^A£nH* + (14) 

(17) 
(18) 
(19) 

Yt f(u) 

• e ' ' (20) 

To derive the appropriate estimating equations for each of these models, 
equation (17) and either equation (18), (19), or (20) are substituted 
into equation (14). This procedure generates the following regression 
equations. Seasonal dumri3' variables t ere then added. ^ 



= 




H* = 


H 


H* = 


"t 






H* = 






^0^ 



Model A: 



In 



/p?-i^-i \ 

+ (^2 - X^)ln\^-^——j - X^A£np* + 



(21) 



Model B: 



Zn 



/Pt-l"t-l^t-l\ 

+ (A2 - X^)Zn \ q ^ J - H^^^P* " H^^""t ^B ^22) 
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Model C: 



£n 





+ (A2 -Ap£n 




A^A£np* + (A^ - A^)Y(t-l) 



+ (A^ - A^)f(u)^_^ - Aj^Af(u)^ + M 



(23) 



where 



E = total SMSA employment (not seasonally adjusted) in period t 
t 

for the particular industry (establishment basis) - hundreds 
of people, 

(^^ = Federal Reserve Board Index of Industrial Production for a 
particular industry for period t (1967 = 100). This is an 
index of national output for the industry. (Not seasonally 
adjusted . ) 

= average number of hours worked per employee per quarter for 
a particular industry. Figures used are national average 
weekly hours paid for production, construction, and non- 
supervisory workers. (Not seasonally adjusted.) 
u^ = unemployment rate in a particular SMSA for a particular 
quarter; estimation based on the number unemployed as a 
percent of the area work force, derived from the 
Manpower Administration labor force estimation technique [5]. 
Sj^, S^, = seasonal dummies which measure seasonal variation, 
t = a time trend. 

Before turning to the demand for employment in the non-manufacturing 
sector we will outline that part of our model concerned witu the deter^ 
mination of the desired output-labor ratio (P^) which plays such an 
important role in the above employment demand equations. The actual 
measurement of the variable was described above; here we will describe 
the mechanism used to model the evolution of this variable over time. 
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In the framework of the "neoclassicial" theory of interrelated factor 
demands the desired or optimal output-labor ratio depends on the para- 
meters describing the technological possibilities open to the firm 
(production function parameters) and the relative prices of capital and 
labor inputs. The more expensi's^e capital inputs are relative to labor 
inputs, the higher will be the desired output-labor ratio and vice-versa. 
In a dynamic context we must think in terms of expected prices of inputs 
rather than actual prices, but other than that the general rationale 
remains the same. In each of the manufacturing industries, therefore, 
we developed a model of the desired output-labor ratio of the following 
general form. 

£np*. = a + 35,nW* + y^nRAAA* + 6£nPGNP* + EZnt (24) 
tj t t t 

n 

£nW* = E a.£nW (25) 
^ i=0 ^ ^ ^ 

m 

£nRAAA* = E b £nRAAA (26) 
^ i=0 ^ ^ 



£nPGNP* = E c £nPGNP (27) 
^ i=0 ^ ^ ^ 

(e < 0, Y > 0) 

where 

= desired output-labor ratio for manufacturing industry j 

W* = expected wages 

RAAA* = expected interest rates 

PGNP* = expected output price (GNP prices) 

t = time trend reflecting shifts in the parameters of the 
production function 
= Index of Compensation per manhour (national) 1967 = 100 

RAAA^ = Moody's triple A corporate bond rate (percent) 

PGNP = Implicit Deflator for Gross National Product (1967 = 100) 
All of the explanatory variables in this model are economy-wide measures 
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and do not, therefore, reflect any inter-regional differences in input 
prices (wages, interest rates, etc.)* This is not to suggest that inter- 
regional differences in wage rates do not exist, but only that the 
dependent variable, or the variable being explained in this instance, is 
itself an economy-wide measure. 

This model is implemented for e^ich of the manufacturing industries 
studied. The actual estimating equation employed allows for the differ- 
ential weights on each of the explanatory variables, as indicated in 
equations (25) - (27), and has the following form. 

3 T 3 

i=o ito ^ 

-H zlnt + e-jlnp^ + e^£np* + M (28) 
1 t-lj 2 t-zj ^ 



Non-Manufacturing Industries : Our basic model of employment in the 
non-manufacturing sector is a simple partial adjustment model which can 
be expressed as follows: 

(fer)'Kfcr) 

E*i= c. (30) 



E*.= (c.ETj.)^ti (31) 



where 



^ti ~ employment in the i*"^ industry (establishment basis), 
^ti ~ desired employment in i*"^ industry. 



20 



ERIC 



^ti " factors that help determine the ratio of employment 

in industry i to total employment in the SMSA. 
ET^ = total employment in the SMSA (establishment basis). 

= stochastic error term. 

Equations (31) and (32) represent alternative hypotheses regarding the 
relationship of total SMSA employment to employment in a particular non- 
manufacturing industry. 

Combining equations (29), (30), and (31) and expressing the result 
in logarithmic form yields the following regression model, (Model D) . 

ilnE^^ = ^0 *^ a^5,nET^ + a^'Z.^^ £nET^ + a3^nE^_^^ + (33) 

If equation (32) is used rather than (31) a somewhat different model 
(Model E) is derived. 

£nE^. = a^ + b.jlnZ . + b^£nET. + a^5,nE^ -,. + Pc (34) 
tl 0 1 tl 2 1 3 t-li 5 

We experimented with both of these models as well as with some 
minor variations of these mechanisms. In each case (for each industry 
and each SMSA studied) we selected that model which seemed most strongly 
confirmed by the data. The details regarding the final models selected 
we presented in the results section below. 

1.3 A Labor Supply Model 

In this section a labor supply model is described which provides 
a framework for the determination of local labor force participation 
rates and population for ten age-sex groups as well as a mechanism 
whereby these variables together with establishment employment are 
combined to produce estimates of the gross unemployment rate for the 
SMSA. The ten age-sex groups for which population and labor force are 
predicted are: 

Males Females 
16-17 16-17 
18-19 18-19 
20-54 20-44 
55-64 45-64 
65+ 65+ 
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The age groups are not identical for males and females in the prime 
ages 20-64. For males ages 55-64 are broken out to permit analysis of 
possible trends in early retirement. For females ages 20-44 and 45-64 
are separated to permit an analysis of participation in child bearing 
versus non-child bearing ages. 

Unfortunately, quarterly time series on local SMSA labor force 
participation rates are not available. In general these rates are avail- 
able only every ten years for most SMSAs. Thus we must begin by using 
what information is available to generate a synthetic data base for these 
local labor force participation rates. In some large SMSAs data from the 
Current Population Survey can be used to verify the procedures employed, 
but in many cases actual verification of the synthetic time series is 
possible only every ten years. Calculations that use this synthetic data, 
such as our estimate of the gross unemploymet rate, must, therefore, be 
examined very critically. Our labor supply model is composed of two 
separate modules, a population sector and a labor force sector. We will 
discuss each module in turn, beginning with the population section. 

Population Sector : The nature of the mechanism used to generate 
quarterly estimates of population during the sample period (1960 's) is 
sharply different from that which we propose for the 1970 's (the post 
sample period) . During the sample period we simply assume that the SMSA 
population is growing at a constant percentage rate each quarter. The 
rate of growth itself is computed from the population estimates available 
from the 1960 and 1970 Census of Population. From these ten year growth 
rates for each of the age-sex groups the implied quarterly rates of 
change are derived under the assumption of constant rates of growth. 
Table 1 shows the civilian population for each of the three SMSAs for 
1970 and Table 2 presents the ten year percentage change for each of 
the ten different age groups involved. 

To predict population growth in the 1970 's on the basis of the 
1960-1970 rates would clearly be foolish. Known changes in the age 
distribution of the population in the 1960 's imply a substantially 
different pattern of growth in the 1970' s for certain age groups. For 
example, the post World War II baby boom led to dramatic increases in 
teenage population in the 1960's. This will be reflected in the 
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TABLE 1 



CIVILIAN POPULATION BY SMSA BY SEX BY AGE, 1970 



Males 
16-17 

18-19 

20-54 

55-64 

65+ 

Females 
16-17 

18-19 

20-44 

45-64 

65+ 



Denver 

23541 
20973 
260783 
42901 
38109 

23010 
22482 
221281 
115840 
57126 



Detroit 

86528 
65017 
875001 
174350 
148782 

82304 
70363 
686667 
450384 
193023 



Milwaukee 

27227 
22697 
285887 
60974 
55859 

26111 
24269 
227027 
149232 
79417 



Source: U.S. bureau of the Census, 1970 

Census of Population, Detailed Characteristics, PC(1)-D, Table 164. 
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TABLE 2 



PERCENT GROWTH IN TOTAL POPULATION AGE BY SMSA 1960-1970 



Age Denver Detroit Milwaukee 

16-17 80.0% 47.9% 48.7% 

18-19 73.7 69.1 55.1 

20-54 34.6 8.8 5.2 

55-64 30.3 11.5 9.5 

65+ 24.4 26.4 20.4 



20-44 33.5 5.0 4.6 

45-64 * 35.0 16.3 8.1 



Source: 1970 Census of Population, General Population Characterifjtics, 
PC(1)-B, Table 24. 
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population growth rates among young adults in the 1970 's. Correspondingly, 

a decrease in the population growth rate among teenagers will be noticed. 

These patterns have already become apparent. Table 3 compares national 

population growth during the sixties with the projected 1970-1980 growth 

rates by age-sex groups. 

The procedure followed for the post sample period is to compute the 

rate of growth of population by aging cohorts of persons of the same race 

and sex born in a single year in each SMSA. These cohorts are aged by 

assuming the number of persons in the SMSA in an age-sex-race group equals 

the number in the previous year in the (Age-l)-sex-race groups adjusted 

for mortality and mobility. Table 4 gives mortality rates by age-race-sex 

for the U.S. Some studies have been made of differential mortality by 

SMSA. However, the differences are very small and adjustments are made 

3 

for differences in race-sex-age. 

Table 5 illustrates the rate of growth of population in the absence 
of migration into or out of the SMSA. Account should, of course, be taken 
of net migration. Net migration rates for the three SMSAs are given in 
Table 6. Once account is taken of net migration the rate of growth of 
population can be predicted for the three SMSAs as can be seen in Table 7. 

Labor Force Sector . Even a cursory look at data on national labor 
force participation rates by demographic groups will indicate that over 
time, for any given demographic group, there exist pronounced variations 
in these rates. Our labor supply model is based on the major premise 
that SMSA-specif ic labor force participation rates adjust to changing job 
opportunities and long-run trend factors in the same manner as do national 
participation rates, and have the same seasonal variations. The assump-- 
tion, then, is to the extent that national and local rates differ, they 
differ in their level — not their responsiveness to cyclical, secular and 
seasonal stimuli. Consequently, our method of analysis consists of esti- 
mating national labor force participation rate equations for ten demographic 
groups and then adjusting these relationships to reflect level differences 
within the three SMSAs of interest. 



3 

See for example Duffy, E. A. and Carrol, R, E. [8] 
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TABLE 3 



NATIONAL POPULATION GROWTH 1960-1970 and PROJECTED 1980 
1960-1970 19 70-1980 

Males 

16-17 36.7% 4.4% 

18-19 47.4 13.9 

20-54 12.7 19.6 

55-64 15.6 11.8 

65+ 11.5 15.7 

Females 

16-17 36.6 3.7 

18-19 45.8 13.4 

20-44 11.8 26.5 

45-64 18.2 4.9 

65+ 25.4 25.4 



Source: U.S. Bureau of Labor Statistics, Special Labor Force Report #156. 



ERIC 



26 



TABLE 4 

U.S. MORTALITY RATES BY AGE, RACE AND SEX 



Age (years) 


. - 

Total 


White 


Nesro 


/ \^ ^ ^ ^ ^« A 

and Other 


Male 


Female 


Male 


Fpma.lp 


Under 1 


21-08 


21.33 


16.08 


35.18 


28.58 


1 


1,30 


1. 18 


1.07 


2.32 


1.88 


2 


0,85 


0.81 


0.66 


1.54 


1.22 


3 


0,68 


0.70 


0.55 


0.94 


0.88 


4 


0,58 


0.58 


0.49 


0.87 


0.67 


5 


0-63 


0.80 


0.41 


1.15 


0.59 


6 


0-51 


0.59 


0.37 


0.80 


0.51 


7 


0.40 


0.43 


0.33 


0.56 


0.45 


8 


0.32 


0.31 


0.29 


0.41 


0.39 


9 


0.27 


0.25 


0.26 


0.35 


0.35 


10 


0.26 


0.24 


0.24 


0.38 


0.33 


11 


0.29 


0. 30 


0.24 


0.49 


0.34 


12 


0.37 


0.42 


0.27 


0.68 


0. 38 


13 


0.50 


0.60 


0.32 


0.94 


0.47 


14 


0.66 


0.84 


0.39 


1.25 


0.58 


15 


0.85 


1.11 


0.48 


1.61 


0.72 


16 


1.04 


1.37 


0.56 


2.00 


0.86 


17 


1.19 


1.60 


0.62 


2.38 


0.98 


18 


1.30 


1.75 


0.64 


2.73 


1.06 


19 


1.36 


1.86 


0.65 


3.07 


1.12 


20 


1.41 


1.96 


0.65 


3.43 


1.19 


21 


1.47 


2.05 


0.65 


3.78 


1.27 


22 


1.50 


2.09 


0.66 


4.05 


1. 35 


23 


1.50 


2.05 


0.66 


4.19 


1.44 


24 


1.48 


1.96 


0.66 


4.26 


1.54 


25 


1.45 


1.85 


0.67 


4.29 


1.64 


26 


1.^2 


1. 76 


0.68 


4.35 


1.75 


27 


1.42 


1.69 


0. 70 


4.47 


1.89 


28 


1.44 


1.66 


0.73 


4.67 


2.06 


29 


1.50 


1.67 


0.78 


4.95 


2.25 


30 


1.56 


1.70 


0.84 


5.24 


2.47 


31 


1.64 


1. 74 


0.90 


5.55 


2.69 


32 


1.73 


1.81 


0.98 


5. 87 


2.92 


33 


1.85 


1.91 


1.06 


6.20 


3.18 


34 


1.99 


2.05 


1.16 


6.56 


3.44 


35 


2.15 


2.21 


1.26 


6.94 


3.73 


36 


2.32 


2.40 


1.38 


7.35 


4.03 


37 


2.52 


2.62 


1.51 


7.81 


4.34 


38 


2.74 


dC • o / 


J. • D D 


8.33 


4.66 


39 


2.97 


3.15 


1.82 


8.90 


4.99 


40 


2.24 


3.47 


2.00 


9.53 


5.34 


41 


3.52 


3.82 


2.20 


10.18 


5.71 


42 


3.83 


4.21 


2.40 


10.81 


6.10 


43 


4.15 


4.63 


2.61 


11.39 


6.51 


44 


4.50 


5.08 


2.83 


11.96 


6.95 


45 


4.88 


5.59 


3.07 


12.54 


7.42 
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Table 4 (cont.) 



Mortality Rate Per 1,000 Living at Specified Age 



o.ge vyears^ 






hite 


Negro 


and Other 


Male 


Female 


Male 


Female 


46 


5.29 


6.14 


3.34 


13.19 


7.92 


47 


5.75 


6.76 


3.62 


13.98 


8.44 


48 


6.26 


7.45 


3.94 


14.94 


8.98 


49 


6.83 


8.21 


4.28 


16.06 


9.55 


50 


7.44 


9.04 


4.65 


17.27 


10.17 


51 


8.10 


9.93 


5.05 


18.52 


10.84 


52 


8.82 


10.93 


5.47 


19.84 


11.59 


53 


9.62 


12.04 


5.92 


21.22 


12.44 




-LU .HO 


1 9fi 


fi An 


99 fifi 


1 3 "^7 
J. J . J / 


55 


11.42 


14.55 


6.93 


24.21 


14.42 


56 


12.41 


15.94 


7.51 


25.86 


15.55 


57 


13.49 


17.47 


8.13 


27.57 


16.76 


58 


14.66 


19.18 


8.78 


29.33 


18.04 


59 


15.91 


21.04 


9.48 


31.17 


19.42 


60 


17.26 


23.06 


10.26 


33.11 


20.77 


61 


18.71 


25.18 


11.13 


35.22 


22.29 


62 


20.26 


27.33 


12.12 


37.59 


24.34 


63 


21.92 


29.46 


13.25 


40.32 


27.12 


D H 




J J. . u J. 




A'^ An 


■^n A 7 


65 


25.60 


33.80 


15.92 


46.52 


34.17 


66 


27.61 


36.19 


17.45 


49.82 


37.85 


67 


29.91 


39.00 


19.23 


53.84 


41.27 


68 


32.56 


42.41 


21.34 


58.88 


44.15 


69 


35.53 


46.36 


23.74 


64.79 


46.52 


70 


- 


50.70 


26.30 


71.90 


49.00 


71 


- 


55.40 


29.20 


79.40 


51.50 


72 


- 


59.90 


32.20 


85.40 


53.20 


73 


— 


64.30 


35.40 


87.90 


53.60 








JO . 7U 


?.f\ qn 

OD . 7 u 


S9 Rn 


75 


- 


12. IQ 


42.70 


83.50 


51.50 


76 


- 


77.30 


46.90 


79.30 


50.20 


77 


- 


82.50 


51.60 


76.00 


49.60 


78 


- 


88.30 


56.80 


74.70 


50.10 


79 


- 


94.90 


62.70 


75.70 


51.80 


80 




109 90 


• Hu 


7R Qn 

/ O . 7 u 


s^i in 


81 


- 


109.90 


77.00 


83.60 


60.00 


82 




117.60 


85.80 


88.70 


66.60 


83 




124.70 


96.00 


92.60 


75.20 


84 




129.90 


108.10 


92.90 


86.30 


85+ * 




190.00 


190.00 


190.00 


L90.00 


* Assumed rat 


e 











Source: U.S. Public Health Service, Vital Statistics of the United States, 
annual . 
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TABLE 5 



RATE OF GROWTH OF CIVILIAN POPULATION BASED ON COHORT AGING AND DYING 

(ASSUMING ZERO NET MIGRATION) 



Denver Detroit Milwaukee 

70-73 73-76 70-73 73-76 70-73 73-76 

Males 

16-17 8.37% 7.52% 9.50% 1.56% 8.77% 6.00% 

18-19 15.04 6.64 33.41 7.17 22.76 5.35 

20-54 4.89 4.97 3.26 5.76 3.61 5.50 

55-64 4.95 11.10 9.85 7.74 3.79 5.26 

65+ 3.19 7.66 3.20 5.14 6.35 4.64 

Females 

16-17 8.08 4.44 9.34 0.33 8.06 5.15 

18-19 4.47 7.71 21.69 7.01 8.50 7.65 

20-44 6.59 3.90 2.92 7.03 5.26 5.44 

45-64 5.01 5.91 7.41 2.60 2.06 3.15 

65+ 6.09 6.42 7.76 8.88 8.15 7.89 



SOURCE ; Table 4, U.S. Bureau of Census 1970, census of population 
detailed characteristics, PC(1)-D, Table 164 and the two one percent 
public use samples 1970 census for the three SMSA's. 
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TABLE 6 



NET MIGRATION RATES 1965-1970 (PER 100 POPULATION 19 70) 

SMS A BY SEX BY AGE 



Males 
15-19 

20-54 

55-64 

65+ 



Denver 

4.06 
6.96 
-.44 
.17 



Detroit 

-7.60 
-1.04 
-4.47 
-7.46 



Milwaukee 

-7.26 
-2.83 
-2.87 
-3.51 



Females 
15-19 

20-44 

45-64 

65+ 



3.79 
9.48 
.66 
1.27 



-4.64 
.33 
-3. 31 
-4.19 



-3.06 
-2.05 
-2.43 
-1.66 



Source: U.S. Bureau of Census, 1970 Census of Population, Mobility of 
Metropolitan Areas, PC(2)-2C, Table 15. 
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TABLE 7 



PROJECTED POPULATION GROWTH 1970-73, 1973-76 BY SMSA BY SEK BY RACE 
(ADJUSTING FOR MIGRATION, MORTALITY AND AGING) 



Denver Detroit Milwaukee 



Male 


1970-73 


1973-76 


1970-73 


1973-76 


1970-73 


1973-76 


16-17 


10 . 81% 


9.96% 


•': . 94% 


-3.00% 


4.41% 


1.64% 


18-19 


17.48 


9.08 


28.85 


2.61 


18.40 


0.99 




Q n 7 
y . u / 




Z. 04 


c 1 /■ 


1 Q '1 

i. yi 




55-64 


4.64 


10.84 


7.17 


5.06 


2.07 


3.54 


65+ 


3.09 


7.56 


-1.28 


0.66 


4.24 


2.53 


Female 














16-17 


10.35 


6.71 


6.56 


-2.45 


6.22 


3.31 


18-19 


6.74 


9.98 


18.91 


4.23 


6.66 


5.81 


20-44 


12.28 


9.59 


3.12 


7.23 


4.03 


4.21 


45-64 


5.41 


6.31 


5.42 


0.61 


0.60 


1.69 


65+ 


6.85 


7.18 


5.25 


6.37 


7.15 


6.89 



S OURCES ; Tables 5, 6. The computations were made adding 3/5 of the rate 

in Table 6 for each age group to the rate in Table 5. This is only an 

3/5 3/5 

approximation. The correct computation isg=M P+M +P where M is 
the rate in Table 6 and P is the rate in Table 5. However, the correc- 
tions affect the second or third decimal place and are small relative to the 
underlying errors in assuming the same mobility patterns in 1965-1970 and 
1970-1976. Keeping the simpler form makes it easier for persons to change 
assumptions in either table and recompute Table 7. 
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Our point of departure was the tinte series analysis of labor-force 
participation rates undertaken by Alfred Telia [30, 31] at the national 
level. Telia's prime concern, as is ours, was to determine the effect 
of short-run variations in employment demand on the size of the labor 
force after controlling for trend and seasonal influences. This type of 
investigation has a long history in empirical and theoretical economic 
analysis but enjoyed an upsurge of interest during the 1960 's. Telia's 
work, in common with several others, attempted to determine the relative 
strengths of what have become known as the "discouraged worker" and 
"additional worker" hypotheses. These hypotheses suggest that in an 
economic down-swing some unemployed workers may give up the apparently 
hopeless job search and withdraw from the labor force and/or potential 
labor-force entrants or re-entrants may be inhibited from ever starting 
to look for work; on the other hand, additional workers may enter the 
labor market to bolster declining family incomes. Both of these effects 
are likely to coexist; therefore, the question is not which tendency is 
the true one but which is the stronger. 

At this point it may be useful to review a few of Telia's results, 
as they will be useful in our subsequent discussion of the LMIS modell 
Telia employed national time series quarterly data on the labor-force 
participation rates of several age-sex groupings as the dependent variable 
and group-specific emplo3nnent ratios (number of persons employed /number 
of persons in the relevant population) as tlie prime independent variable. 
His regression results indicate a net positive sensitivity to employment 
conditions in all groups with females as a group exhibiting a greater 
sensitivity than the males. The extreme age groups are more sensitive 
than the middle-age groups. The single most important conslusion is 
that, in time series, labor-force sensitivity to emplojrment conditions 
is primarily a characteristic of the"secondary" labor force (usually 
defined to include women of all ages and males 16-24 and 55+). 

More formally, we expect a demographic group's participation rate 
to respond to changing job opportunities through a distributed lag. That 
is to say, the participation rate at any period t responds to a measure 
of job opportunities in all previous periods of time. It is convenient 
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to express this hypothesis in the following form as a first step: 



The variables in equation (1) are defined as follows ; 



^ + ... + e^. (3^) 



iiati 

hi)' 



onal civilian labor force participation rate of the 

th 

age group (i = 1, 5) and j — sex (j = 1, 2), 



~ = total establishn.^ It employment divided by total civilian 

noninstitutional population, 
e = error term 

Since our sample is finite in size, the infinite set of lagged values 
of E/P must be cut off at some point. A convenient method to accomplish 
this is to specify a priori that the coefficients of the successive E/P's 
decline systematically as we go further back in time. In particular, we 
will assume thot the coefficients of E/P in (34) decline geometrically in 
the following manner: 

b^ = bA^ (k - 0, 1, 2, ...) (35) 

where 0<A<1. Equation (34) niay now be written as: 

However, if we lag (36) by one period and multiply through by A 
we obtain 



(37) 



and subtracting (37) from (36) we obtain 



t-i 
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where " ®^ ~ j.* assumption of geometrically declining 

coefficients on E/P, then, achieves a substantial simplification of 
(34), for instead of having to estimate a string of coefficients, 
one now has only to estimate the two parameters b and X* Finally, then, 
the basic labor supply model, which will be initially estimated using 
national data for ten age-sex groups, has the following form: 



'" te). ■ •■ • c • •(%). 

it 



_^ + d[log^QT] + + e^ f^q^ 



+ -f f|~) + u. 

where a"^ = a(l - A) (k = 1, 5) (j = 1, 2) 

c = X 

T = trend (time) variable which equals one in the first quarter 
of 1954, 

= 1 if the observation occurs in the first quarter of the year, 
= 0, otherwise, 

= 1 if the observation occurs in the second quarter of the year, 
= 0, otherwise, 

= 1 if the observation occurs in the third quarter of the year, 
= 0, otherwise, 

AF/P = ratio of armed forces to total civilian noninstitutional 
population. 

• However, estimation of (40) by ordinary least squares leads to 
inconsistent estimates because of the lagged dependent variable. Explor- 
ation of instrumental variable estimation of (40) failed however to 
produce coefficients or standard errors which were sufficiently different 
to warrant the use of the technique • 
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APPENDIX B 

DESCRIPTION OF DATA USED FOR THE ECONOMIC MODEL 



OF LABOR SUPPLY AND DEMAND 
Shirish C.R. Sanghvi* 

2.0 Introduction 

An econometric model of labor supply and demand is being developed 
for the labor markets of Detroit, Denver and Milwaukee SMSA^s. This 
model would permit manpower planners and administrators to forecast 
employment by industry in the three areas as well as unemployment and 
supply of labor force by demographic group. *^ It would also help them 
to study the effects of alternative public policy measures on the labor 
supply and demand in these areas. For generating the various equations 
that are incorporated into this model a considerable amount of data 
was collected. This paper describes the various data sets that were 
obtained. 

The principal source of the various data sets is the Bureau of 

Labor Statistics, U.S. Department of Labor. Other sources include. 

the Federal Reserve System, the various government statistical publica- 

2 

tions, and the National Bureau of Economic Research (NBER) machine- 
readable data bank. This NBER data bank has hundreds of time series and 
for more details one should refer to their publication "Time Series Data 
Bank" which is a directory of all the time series that they maintain. 

All of our data sets are either monthly and/or quarterly time 
series and unless otherwise stated they are all Seasonally Unadjusted. 



The Labor Market Information Systems Project is sponsored by the 
Manpower Adminstration, Office of Research and Development, United 
States Department of Labor, under contract no. 71-24-70-02. The 
views represented in this paper are the sole responsibility of the 
author and do not necessarily reflect the views of the Department 
of Labor. 

See Appendix A. 

National Bureau of Economic Research, 261 Madison Avenue, New York, 
N.Y., 10016 [25] 
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The years that they cover could be different for different series. The 
seasonally adjusted time series (national) that we may have used for 
data analyses purposes have come mostly from the NBER data bank. Only 
the time series on those variables which are used directly in the model 
regression equations at present (or are envisaged to be used in the 
near future) are described in this paper. 

The time series are either for the whole U.S. (national) or for any 
or each of the three SMSA^s, Detroit, Denver or Milwaukee. Unless other- 
wise stated the time series that refer to industries are for those 
industries listed in Appendix B-1. 

The time series that are described are quite reliable and error 
free as they have all gone through a rigorous checking process. They 
will be updated, up to 1972 (and if possible 1973) as and when the data 
become available. 



2.1 Index of Industrial Production (National), 1967 Base 

3 

The Index of Industrial Production is monthly and '^relative'* for 
individual production of manufactures and minerals. The present index 
is designed such that we can study the economic growth and cyclical 
fluctuations along with seasonal and irregular fluctuations. The 
time series for national production are published by the Board of 
Governors of the Federal Reserve System [4]. 

For our model we use the index of industrial production for the 
manufacturing industries described in Appendix B-1. All the time series 
are for national production, from 1949 to 1971 and with 1967 as the 
base. We have the monthly and the quarterly, not seasonally adjusted, 
time series. 



2.2 Average Weekly Hours (National) 
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The information on average weekly hours (national) for production, 
construction, or nonsupervisory workers in various industries relates 
to the average hours during the work week^ including the 12th of the 



3 

The above 1971 publication should be consulted for more technical 
detail 
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from standard or scheduled hours. Average hours also include the overtime 
hours. More overtime hours cause the average weekly hours to be higher 
than scheduled hours of work and factors such as absenteeism, labor 
turnover, part-time work, and work stoppages cause them to be lower than 
the scheduled hours of work for an establishment. 

The data we use consist of monthly and quarterly time series from 
1955 to 1971. All the observations are in thousands of employees and 
are not seasonally adjusted. Besides the industries listed in Appendix 
B-1, we have the average weekly hours time series for the following . 
industries also. 

LIST 1 

SIC 

Code Name 

21 Tobacco Manufactures 

22 Textile mill products 

23 Apparel and other finished products made 

from fabric and similar materials 

24 Lumber and wood products except furniture 

25 Furniture and fixtures 

26 Paper and allied products 

27 Printing publishing and allied industries 

28 Chemicals and allied industries 

29 Petroleum refining and related industries 

30 Rubber and miscellaneous plastic 

products 

31 Leather and Leather products 

32 Stone, clay, glass, and concrete products 
3 Professional, scientific, and control- 
ling instruments; photographic and 
optical goods; watches and clocks 

39 Miscellaneous manufacturing industries 

SOURCE: Employment and Earnings, United States 1909-1971 . Bulletin 1312-8, 
Bureau of Labor Statistics, U.S. Department of Labor. The average 
weekly hours data can also be obtained from the various monthly 
issues of the Bureau of Labor Statistics publication Employment 
and Earnings * 

O 
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2.3 Employment (National) 

The data on national employment of production, construction, or 
nonsupervisory workers in various industries consist of monthly time 
series from 1955 to 1971* Included in these data are full and part- 
time workers on establishment payrolls ^Aio received pay for any part 
of pay period which includes the 12th of the month* Also included 
are workers who are on paid sick leave {\^tien pay is received directly 
from the firm), on paid holidays or vacation, or who work during a 
part of the pay period and are unemployed or on strike during the rest 
of the periods Not counted as employed are workers who are laid off, 
on leave without pay or on strike for the entire period or who are 
hired but have not reported to work during the period. 

All the observations are in thousands of employees and are not 
seasonally adjusted. 

The monthly time series were converted into quarterly time series 
for our use. 

Besides the industries listed in Appendix B-1, we have the employ- 
ment time series for the following industries also, 

LIST 2 

SIC 

Code Name 

Tobacco manufactures 
Textile mill products 

Apparel and other finished products made 

from fabric and similar materials 
Lumber and wood products except furniture 
Furniture and fixtures 
Paper and allied products 
Printing publishing and allied industries 
Chemicals and allied products 
Petroleum refining and related industries 
Rubber and miscellaneous plastic 

products 
Leather and leather products 
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22 
23 

24 
25 
26 
27 
28 
29 
30 
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LIST 2 (ContO 



SIC 

Code Name 
32 Stone, clay, glass, and concrete products 

38 Professional, scientific, and control- 

ling instruments; photographic and 
optical goods; watches and clocks 

39 Miscellaneous manufacturing industries 

SOURCE: Employment and Earnings, United States 1909-1971 , Bulletin 1312-8, 
Bureau of Labor Statistics, U.S. Department of Labor. The employ- 
ment data can also be obtained from the various monthly issues of 
the Bureau of Labor Statistics' publication Employment and Earnings 
and Monthly Report on the Labor Force . 



2.4 Man-Hours (Na tional ) 

The quarterly time series for average weekly man-hours (national)^ 

of production, construction, or nonsupervisory workers are obtained as 
4 



follows 

I 

i>y»q 



Let AWH^. ^ = quarterly averages of average weekly hours^ (national 

and not seasonally adjusted) for production, construction, 
or nonsupervisory workers in industry i, year y and 
quarter, q. 

EPW. = quarterly averages of production, construction or 

i,y,q ^ y B y 

nonsupervisory workers' employment in thousands (national 

and not seasonally adjusted) in industry i, year y and 
quarter q. 

and MHP = quarterly man-hours of production, construction, or 

i,y»q 

nonsupervisory workers (national and not seasonally 
adjusted) in thousands of man-hours for industry i, 
year y and quarter q. 
then MHP. = AWH. * EPW. 

i,y,q i,y,q i»y,q 



Source: Average weekly hours and employment of production, construc- 
tion, or nonsupervisory workers' time series [35]. 

See Average Weekly Hours (National). Heading 2.2. 
See Employment (National). Heading 2.3. 
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2,5 Man-Hour Index (National) > 1967 Base 

The quarterly time series for average weekly man-hour index (national) 
of production, construction, or nonsupervisory workers are obtained in the 
following manner. 

The man-hour index time series, national and not seasonally adjusted, 

are derived from the corresponding time series of man-hours in thousands 

7 8 
of man-hours. To be consistent with the Index of Industrial Production 

base, we have used 1967 as the base year for converting man-hours series 

into man-hour index series. Further, all our series are quarterly and 

not seasonally adjusted. 

Let MHP, ^- T MHP, o MHP . ^ and MHP. , be the four 
i, 67^,1, x,67,2, 1,67,3, i,67,4, 

quarterly values of man-hours of production, construction, or nonsuper- 
visory workers (national and not seasonally adjusted) in thousands of 
man-hours for industry i and the year 1967. 

Then /A \ / 

is equal to the annual average for 1967 of weekly man-hours in thousands 
for industry i. Call this BASE. 

We now use such a BASE, one for each industry, to convert the quar- 
terly man-hours time series into quarterly man-hour index series. The 
four quarterly values of man-hour index, MHI, time series for industry i 
and year y (with 1967 as the base year) will be given by: 

MHI. = (MHP^ , / base) * 100.0 % (41) 

i,y,l \ i,y,l / / 

„ = (MHP „ / base) * 100.0 % (42) 

i»y>^ \ i,y»^ / / 

. = (MHI. „ / base) * 100.0 % and (43) 
,y,3 \ i,y,3/ / 

^MHI^ y 4 y BASE^ * 100.0 % (AA) 



MHI 



MHI^ 



MHI, , 
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See Man-Hours (National). Heading 2.4. 

See Index of Industrial Production (National), 1967 Base, Output per 
Man-Hour (National), 1967 Base, and Potential Output per Man-Hour 
(National) V 1967 Base. 
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We have prepared the quarterly man-hour index with 1967 as the base 

for national and seasonally unadjusted time series from 1955 to 1971 for 

9 

the industries listed in Appendix B-1* 



2.6 Output Pp . r Man-Hour (National), 1967 Base 

The quarterly time series for output per man-hour index, national, 
seasonally unadjusted and with 1967 as the base are also derived time 
series* The computation is done in the following manner: 
Let MHI, = man-hour index (national) with 1967 as the base and 



seasonally unadjusted for industry i, year y, and 
quarter q. 



and IP. = index of industrial production (national )"^"^ with 1967 

as the base and seasonally unadjusted for industry i, 

year y and quarter q, 
then QMH, = the index of output per man-hour, national and 

seasonally unadjusted, for the industry i, year y 

and quarter q is given by: 




QMH. = I 1P_. .. _ / MHI, _ I * 100.0 % (^5) 



We have prepared the quarterly output per man-hour index time series 

with 1967 as the base for national and seasonally unadjusted data from 

12 

1955 to 1971 for the industries listed in Appendix B-1. 

2.7 Potential Output Per Man-Hour (National), 1967 Base 

Potential output per man-hour is an important index and its time 
series is a derived one* The index is obtained by plotting the output 



9 

Same as for Man-Hours (National). Heading 2*4. 

10 

See Man-Hour Index (National), 1967 Base. Heading 2,5- 

See Index of Industrial Production (National), 1967 Base, Heading 2.1. 

12 

Man-Hour Index (National), 1967 Base and Index of Industrial 
Production (National), 1967 Base. Headings 2-1 and 2.5. 
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per man-hour index series over time and then connecting the resultant 
peaks • This peak to peak graph over time is then the graph of the poten- 
tial output per man-hour index • 

We have prepared the quarterly potential output per man-hour index 

with 1967 base for national and seasonally unadjusted tirae series from 

14 

1955 to 1971 for the industries listed in Appendix B-1. 

2,8 Unemployment Rates 

The unemployment rate represents the number unemployed as a percent 
of civilian labor force, "'"^ 

The data we have consist of national as well as local (for Detroit, 
Denver, and Milwaukee SMSA's) seasonally unadjusted monthly time series* 

The nacional series are for the years 1948 to 1971. Series for the 
SMSA's are for the following years. 





LIST 3 




SMSA 


From 


To 


Detroit 


1956 


1971 


Denver 


1958 


1971 


Milwaukee 


1960 


1971 



SOURCE: The national unemployment rate time series can be obtained from 
various sources and also directly from the Bureau of Labor 
Statistics, U.S. Department of Labor. The local series were 
obtained from the respective state's employment agencies. 

The national series are based on monthly household surveys (CPS) 

and the SMSA series are based, among other things, on the establishment 

da ta. 



See Man-Hour Index (National)^ 1967 Base Time Series. Heading 2.5, 
Same as for Man-Hours (National) . 

For concepts and definitions on employed persons, unemployed persons, 
civilian labor force, not in labor force, etc., see the Technical 
Note at the end of any recent issue of Employment and Earnings and 
Monthly Report on the Labor Force , Bureau of Labor Statistics, U.S. 
Department of Labor. 
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14 
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The monthly series were converted into quarterly time series for 
our use, 

2,9 Employment (SMSA) 

The data on SMSA employment''"^ (for Detroit, Denver and Milwaukee 
SMSAs) in various industries consist of monthly time series roughly from 
1956 to 1971. The SMSA employment data, except for the Department of 
Defense, refer to persons on establishment payrolls who receive pay for 
any part of the pay period which includes the 12th of the month,"*"^ For 
civilian employees of the Department of Defense establishments, the 
figures represent the number of persons who occupied positions on the 
last day of the calendar month and intermittent workers are counted if 
they performed any service during the month. 

The data exclude proprietors, self-employed, unpaid family workers, 
farm workers and domestic workers in the households. Salaried officers 
of corporations are included. Government employment covers only civilian 
employees. Federal military personnel are excluded from the estimates of 
total nonagricul tural employment. 

Persons on an establishment payroll who are on paid sick leave (when 

pay is received directly from the firm), on paid holiday or paid vacation, 

or who work during any part of the pay period and are unemployed or on 

strike during the rest of the period are counted as employed. Not counted 

as employed are persons who are laid off, on leave without pay or who are 

18 

hired but do not report to work during the period. 

We have the monthly and the quarterly, seasonally unadjusted time 
19 

series for the SMSAs' employment for the industries listed in Appendix 
B-1, 

The SMSA Employment data that we have is for all employees not 

just for production workers. 



17 
18 

19 
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This is also true for national employment data. 

This definition is taken from the Technical Note at the end of an 
Employment and Earnings and Monthly Report on the Labor Force , 

The time series that we needed were extracted from a magnetic tape 
(No, 18627-SA 07/71, 3 areas) supplied to us by the Bureau of Labor 
Statistics, U,S, Department of Labor, (790 aggregate data,) These 
time series were updated to include the latest year (1971) by using 
the data supplied by the respective state's employment agency [37] ♦ 
Also see Employment and Earnings, States and Areas, 1939-1970, 
Bulletin 1370-8 [Si J, 
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The series are for 



the following years: 
LIST 4 
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SMSA From To 

Detroit 1956 1971 

Denver 1958 1971 

Milwaukee 1956 1971 

20 

2. 10 Labor Turnover 

Labor turnover consists of New Hires, Quits and Layoffs and is the 
gross movement of wage and salary workers into and out of employed status 
with respect to individual establishments. Each type of action, new 
hiring, quitting or layoff, is cumulated for a calendar month and expressed 
as a rate per 100 employees. The data relate to all employees, whether 
full or part-time, permanent personnel and production workers. Transfers 
to another establishment of the company are included beginning with 
January 1959. 

The data consist of monthly time series converted into quarterly 

ones from the year 1955 to 1969 for the national and for different years 

21 

for different industries for the SMSA's. 

All the series are in percent of total establishment employment 
payroll and are not seasonally adjusted. 

22 

2.11 Average Hourly Earnings (National) 

The data on average hourly earnings for production, construction 
or nonsupervisory workers consist of quarterly time series for the years 



20 
21 

22 



For manufacturing industries only. 

The national and the SMSA time series will have to be updated to 

include the years 1970 and 1971. For national data - Bulletin 

1317-'7 [35]. For SMSA data - same as SMSA employment. 

From various series given to us by L. Taylor, Department of Economics, 
University of Michigan, Ann Arbor, Michigan. 
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23 

1949 to 1969. Average hourly earnings are on a "gross** basis and are 

24 

therefore different from wage rates. Earnings are the actual return 
to the workers for a stated period of time and Include the basic hourly 
and incentive wage rates, premium pay for overtime and late shift work 
and also the pay for paid sick leave, holidays and vacations. Not 
included are irregular bonuses, retroactive items, payments of various 
welfare benefits, payroll taxes paid by employers. 

All the series are in dollars per hour per person and are not 
seasonally adjusted. Average hourly earnings are establishment data. 

2.12 Civilian Labor Force (National) 

Monthly and quarterly time series for civilian labor force are 
available for the following race, sex and age groups for the years 1954 
to 1972. 

LIST 5 

Race White and Non-White. 

Sex ^ Male and Female. 

Age 14 years and above, (16 years and above from 1967). 

14 years and 15 years. 
16 years and 17 years. 
18 years and 19 years. 
20 years to 24 years. 
25 years to 34 years. 
35 years to 44 years. 
45 years to 54 years. 
55 years to years, and 
65 years and above. 

SOURCE: All the civilian labor force monthly time series were obtained 
from the Bureau of Labor Statistics, U.S. Department of Labor 
(Current Population Survey data). 



23 

The average hourly earnings time series are to be updated for the 
years 1970 to 1971. 

24 

Straight- time average hourly earnings time series are also available 
from the above source. 
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The data for 14 years and 15 years age group were not obtained from 
1967 to 1972. 

All the time series are in thousands of persons and are seasonally 
unadjusted. 

2.13 Civilian Nonlnstitutlonal Population (National) 

Monthly and quarterly time series for the civilian noninstitutional 
population are available for the following race, sex and age groups for 
the years 1954 to 1972, 

LIST 6 

Race White and Non-white. 

Sex Male and Female 

Age 14 years and above, (16 years and above from 1967) 

14 years and 15 years. 
16 years and 17 years. 
18 years and 19 years. 
20 years to 24 years. 
25 years to 34 years. 
35 years to 44 years. 
45 years to 54 years. 
55 years to 64 years, and 
65 years and above. 

SOURCE: All civilian noninstitutional population monthly time series 
were obtained from the Bureau of Labor Statistics, U.S. 
Department of Labor (Current Population Survey data). 

25 

2.14 Participation Rates (National) 

The civilian noninstitutional population participation rate rep- 
resents the number in civilian labor force as a percent of civilian 
noninstitutional population. The participation rate is computed in 
the following manner. 

Let ^"^^F = the civilian labor force in thousands of persons for a . 



Civilian Labor Force (National) and Civilian Noninstitutional 
Population (National). 
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particular race, sex and age group during the month m, 
CNP = the civilian noninstitutional population in thousands of 



persons for the same race, sex and age group during the same 
month m, and 



PRT^ = the participation rate for the same race, sex and age group 
during the month m. 



Monthly and quarterly time series for participation rates for the 
same race, sex and age groups as civilian labor force or civilian non- 
institutional population are available for years 1954 to 1972. All the 
time series are seasonally unadjusted. 

2.15 Miscellaneous Time Series on Labor Force (National) 

Monthly and quarterly time series are available for the following 
data sets. All the time series are seasonally unadjusted and cover 
the period from 1948, first quarter to 1972, fourth quarter. 



1. Total labor force, 16 years and above. 

2. Civilian labor force, total, 16 years and above. 
3* Civilian labor force, males, 16 years and above. 

4. Civilian labor force, females, 16 years and above. 

5. Armed forces, total, 16 years and above. (Armed forces, 
total = Total labor force - Civilian labor force, total). 

6. Civilian employment, total, 16 years and above. 

7. Total employees in nonagricul tural establishments. 



SOURCE: All the above time series, except No. 7, were obtained from 



the Bureau of Labor Statistics, U.S. Department of Labor. 
Series No. 7 was obtained from Employment and Earnings, United 
States 1909-70 , Bulletin 1312-7 [35]. 



2.16 Other Variables (From MQEM-Line File) 

As mentioned in the introduction, the National Bureau of Economic 
Research Inc. maintains a huge time series data bank containing hundreds 
of time series in machine readable form. From this data bank the 



Then PRT 



m 




* 100,0 % 



(46) 



LIST 7 
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Research Seminar in Quantitative Economics (RSQE) have created their 
own data bank called RSQE-Line File containing the time series required 
for their use. The following time series that we use in our Econometric 
model were picked out from this RSQE-Line File. All these time series, 
unless otherwise stated, are national, quarterly, seasonally adjusted 
and available from 1954 first quarter to 1972 second quarter. The source 
for each series is the same as mentioned in the NBER or the RSQE-Line 
File data bank. 

LIST 8 

Time Series 

1. Gross national product in billions of 1958 dollars. 
SOURCE: Survey of Current Business (CB) , Table 1.2. 

2. Fixed investment, nonresidential structures in billions 
of 1958 dollars. 

SOURCE: SCB Table 1.2. 

3. Fixed investment, residential structures in billions of 
1958 dollars. 

SOURCE: SCB Table 1.2. 

4. Government purchases of goods and services in billions of 
1958 dollars. 

SOURCE: SCB Table 1.2. 

5. Gross national product by major type of product - structures; 
in billions of dollars. 

SOURCE: SCB Table 1.3. 

6. Gross national product by major type of product - goods 
output; in billions of 1958 dollars. 

SOURCE: SCB Table 1.5. 

7. Gross national product by major type of product - services; 
in billions of 1958 dollars. 

SOURCE: SCB Table 1.5. 

8. Gross national product by sector - general government; in 

billions of 1958 dollars. 
SOURCE: SCB Table 1.8. 




26 

Research Seminar in Quantitative Economics, Department of Economics, 
University of Michigan [40]. 
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LIST 8 (Cont,) 

Time Series 

9. Implicit price deflator for gross national product; 1958 = 100. 
SOURCE: SCB Table 8.1. 

10. Implicit price deflator for gross national product by sector - 
private (business) non-farm; 1958 = 100. 

SOURCE: SCB Table 8.4. 

11. Corporate AAA interest rate in per cent. 

SOURCE: Federal Reserve Board (FRB) Bulletin, Bond and Stock 
Yields. 

12. Number of employees on nonagricultural pay rolls, establishment 
survey; in thousands of persons. 

SOURCE: Business Conditions Digest (BCD), series No. 41. 

13. Private non-farm sector - compensation per man-hour; 1967 = 100. 
SOURCE: Employment and Earnings, Table C-10. 

14. Private non-farm sector - output per man-hour; 1967 = 100. 
SOURCE: Employment and Earnings, Table C-10. 

15. Nonagricultural establishment emplojrment - government (includes 
government and government enterprise, excludes^ armed forces); 
in thousands of persons. 

SOURCE: SCB Blue Pages. 

16. Nonagricultural establishment emplojrment, "Regulated"; in 
thousands of persons. (This series is from 1954, first quarter 
to 1972, fourth quarter.) 

SOURCE: SCB Blue Pages. 

Note: "Regulated" = Transportation + Communication + Electric, 
Gas and Sanitary. 

17. Nonagricultural establishment employment, trade. (Wholesale 
and Retail); in thousands of persons. (This series is from 
1954, first quarter to 1972, fourth quarter.) 

SOURCE: SCB Blue Pages. 

18. Nonagricultural establishment emplo3rment, "Service" industries; 
in thousands of persons. (This series is from 1954, first 
quarter to 1972, fourth quarter.) 
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SOURCE: SCB Blue Pages. 

Note: "Service" Industries = Services + Finance, Insurance and 
Real Estate. 



APPENDIX B-1 
INDUSTRIAL CLASSIFICATION CODES 



This Appendix lists the various industries for which we have some 
of the time series. We have tried to use, as far as we could, the 
standard two digit SIC Code [26] for industrial classification; but where 
this was not possible other two digit codes are used. The industries are 
divided into two groups, 1) Manufacturing and 2) Non-manufacturing. We 
have the various time series only for those industries listed on page 
numbers 51 and 52. The other pages are added only to give a more detailed 
explanation of those non-manufacturing industries that are grouped toge- 
ther under one code. 

This is an explanation of industrial classification codes for 
manufacturing industries. 

LIST V 



SIC OR 

MANUFACTURING INDUSTRIES OTHER CODE 
ALL DURABLES 01* 
ALL NON^DURABLES 02* 
FOOD & KINDRED PRODUCTS 20 
PRIMARY METAL INDUSTRIES 33 
FABRICATED METAL PRODUCTS EXCEPT 
ORDNANCE, MACHINERY, & TRANS- 
PORTATION EQUIPMENT 34 
MACHINERY EXCEPT ELECTRICAL 35 
ELECTRICAL MACHINERY, EQUIPMENT & 

SUPPLIES 36 

TRANSPORTATION EQUIPMENT 37 



*NOTE: These are NOT SIC codes, all others ARE. 

Explanation of industrial classification codes for non-manufacturing 
industries . 
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LIST 10 



SIC OR 

NON-MANUFACTURING INDUSTRIES OTHER CODES 

MINING & SERVICES 03 

CONTRACT CONSTRUCTION 04 
TRANSPORTATION, COMMUNICATION, 

ELECTRIC, GAS & SANITARY SERVICES 05 

WHOLESALE TRADE 50* 

RETAIL TRADE 06 

FINANCE INSURANCE & REAL ESTATE q? 

FEDERAL GOVERNMENT 91* 

STATE & LOCAL GOVERNMENT 08 

WHOLESALE & RETAIL TRADE 95 

FEDERAL, STATE & LOCAL GOVERNMENT 96 



*NOTE: These are SIC codes, all others ARE NOT. 

A more detailed explanation of the non-manufacturing Industries 
is again on the following list. 
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LIST 11 

SIC OR 

NON-MANUFACTURING INDUSTRIES OTHER CODE 

CONTRACT CONSTRUCTION (DIVISION G) WHICH INCLUDES: 04 
BUILDING CONSTRUCTION-GENERAL 

CONTRACTORS SIC 15 

CONSTRUCTION OTHER THAN BUILDING 

CONSTRUCTION-GENERAL CONTRACTORS SIC 16 

CONSTRUCTION-SPECIAL TRADE CONTRACTORS SIC 17 
TRANSPORTATION, COMMUNICATION, ELECTRIC, GAS AND SANITARY 05 
SERVICES (DIVISION E) WHICH INCLUDES: 

RAILROAD TRANSPORTATION SIC 40 

LOCAL & SUBURBAN TRANSIT & INTERURBAN 

PASSENGER TRANSPORTATION SIC 41 

MOTOR FREIGHT TRANSPORTATION & 

WAREHOUSING SIC 42 
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LIST 11 (Cont.) 

SIC OR 

NON-MANUFACTURING INDUSTRIES OTHER CODE 

WATER TRANSPORTATION SIC 44 

TRANSPORTATION BY AIR SIC 45 

PIPE-LINE TRANSPORTATION SIC 46 

TRANSPORTATION SERVICES SIC 47 

COMMUNICATION SIC 48 

ELECTRIC, GAS & SANITARY SERVICES SIC 49 
WHOLESALE TRADE 50 
RETAIL TRADE (PARTIAL DIVISION F) WHICH INCLUDES: 06 

BUILDING MATERIALS, HARDWARE & FARM 

EQUIPMENT DEALERS SIC 52 

RETAIL TRADE-GENERAL MERCHANDISE SIC 53 

FOOD STORES SIC 54 

AUTOMOTIVE DEALERS GASOLINE 

SERVICE STATIONS SIC 55 

APPAREL & ACCESSORY STORES SIC 56 
MINING AND SERVICES 03 
MINING (DIVISION B) INCLUDES: 

METAL MINING SIC 10 

ANTHRACITE MINING SIC 11 

BITUMINOUS COAL AND LIGNITE MINING SIC 12 

CRUDE PETROLEUM AND NATURAL GAS SIC 13 

MINING AND QUARRYING OF NONMETALLIC 

MINERALS, EXCEPT FUELS SIC 14 
SERVICE (DIVISION H) INCLUDES: 

HOTELS, ROOMING HOUSES, CAMPS & 

OTHER LODGING PLACES SIC 70 

PERSONAL SERVICES SIC 72 

MISCELLANEOUS BUSINESS SERVICES SIC 73 

AUTOMOBILE REPAIR, AUTOMOBILE 

SERVICES, AND GARAGES SIC 75 

MISCELLANEOUS REPAIR SERVICES SIC 76 

MOTION PICTURES SIC 78 
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LIST 11 (Cont.) 

SIC OR 

NON-MANUFACTURING INDUSTRIES OTHER CODE 

AMUSEMENT AND RECREATION SERVICES 

EXCEPT MOTION PICTURES SIC 79 

MEDICAL & OTHER HEALTH SERVICES SIC 80 

LEGAL SERVICES SIC 81 

EDUCATIONAL SERVICES SIC 82 

MUSEUMS, ART GALLERIES, BOTANICAL & 

ZOOLOGICAL GARDENS SIC 84 

NONPROFIT MEMBERSHIP ORGANIZATIONS SIC 86 

PRIVATE HOUSEHOLDS SIC 88 

MISCELLANEOUS SERVICES SIC 89 

FURNITURE, HOME FURNISHINGS & 

EQUIPMENT STORES SIC 57 

EATING & DRINKING PLACES SIC 58 

MISCELLANEOUS RETAIL STORES SIC 59 
FINANCE, INSURANCE & REAL ESTATE (DIVISION G) WHICH INCLUDES: 07 

BANKING SIC 60 

CREDIT AGENCIES OTHER THAN BANKS SIC 61 

SECURITY & COMMODITY BROKERS, DEALERS, 

EXCHANGES & SERVICES SIC 62 

INSURANCE CARRIERS SIC 63 

INSURANCE AGENTS, BROKERS & SERVICE SIC 64 

REAL ESTATE SIC 65 

COMBINATIONS OF REAL ESTATE, INSURANCE 

LOANS & LAW OFFICES SIC 66 

HOLDING AND OTHER INVESTMENT COM- 
PANIES SIC 67 
FEDERAL GOVERNMENT 91 
STATE & LOCAL GOVERNMENT (PARTIAL DIVISION I) WHICH INCLUDES: 08 

STATE GOVERNMENT SIC 92 

LOCAL GOVERNMENT SIC 93 
WHOLESALE & RETAIL TRADE (DIVISION F) 95 

FEDERAL, STATE & LOCAL GOVERNMENT (DIVISION I) 96 
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APPENDIX C 



A Short Guide to the Use of the SOLAMI Simulation 
Program (Stimulation o^f Labor Market I^nf ormation) 

Shirish C. R. Sanghvi 



3.0 Introduction 

The simulation of labor market information is essentiailly composed 
of three parts; namely, the data base, the theoretical model together 
with estimated parameters, and the simulation procedure or the simulation 
program. In this manual only the simulation program will be described."'" 

The Simulation of Labor Market Information Program (SOLAMI Program) 
is a highly interactive computer program. It is designed to allow the 
user to solve a system of equations for the purpose of generating fore- 
casts, policy simulations and performing various other tasks. The sys- 
tem of equations could be an econometric model representing a labor mar- 
ket. In fact, the program allows the user to simulate the behavior of 
three local labor markets covering the Detroit, Denver, and the Milwaukee 
Standard Metropolitan Statistical Areas (SMSA) . The program, however, is 
not restricted to these three SMSA*s only. It can be used to simulate 
other labor markets as well, provided that the necessary data base and 
the theoretical model together with estimated parameters for the system 
of equations to be solved exist. 

The interaction between the user and the program is achieved through 
a basic set of commands. The user, sitting at a terminal, can enter any 
one of these commands and have the program perform a specific task. For 
example, he can specify the SMSA he wishes to simulate, choose the type 
of simulation he wants to perform - dynamic or quarterly, select the 
initiating year and quarter from where to begin the simulation, etc. 

The Labor Market Information System Project is sponsored by the Man- 
power Administration, Office of Research and Development, United 
States Department of Labor, under contract no. 71-24-70-02. The 
views represented in this paper are the sole responsibility of 
the author and do not necessarily reflect the views of the Department 
Of Labor. 



1 



Appendix B describes the data base used for the model. Volume 1, 
Chapter IV, Section 4.1 and Appendix A describe the model. 
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Later, after performing the simulation, he can print the results sel- 
ectively using the selective printing commands. The program can also 
be run in batch by putting the appropriate command cards together in 
the form of a deck. However, it is the highly interactive nature of 
the program which makes it a very useful tool in studying the various 
factors and the effects of the changes in these factors on the labor 
supply and demand in any of the above SMSA's. 

The SOLAMI program is written in FORTRAN~IV but uses many Michigan 
Terminal System (MTS) routines. Hence, at present, it is implementable 
only under MTS. However, the modification of the program for use under 
different systems could be made at a modest cost. 

Basically the whole program consists of a main program and sever- 
al subroutines. In general the main program receives a command, calls 
upon a subroutine to analyze the command, and then depending upon the 
results of this analysis, calls upon the appropriate subroutine to handle 
the specific task, like reading the data, printing a variable, doing 
the computations, etc. Very often a subroutine may also call upon 
another subroutine to handle some repetitive task. After the specific 
task is performed by a subroutine the control is returned to the calling 
program from where it may return back to the user. The operation of 
the subroutine and the interaction between them is such that to the 
user it always appears that he is interacting with just one routine, 
that is, the whole SOLAMI program. 

The basic structure of the SOLAMI program is illustrated by the 
block figure on the following page. 
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Figures Basic Structure Of The SOLAMI Program 
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3.1 The Solution Procedure 

As mentioned in the introduction, one of the primary functions the 
SOLAMI program performs is to solve a system of equations representing 
an econometric model. The econometric model can be one for a local labor 
market, as it is in our case. The system of equations consists of depend- 
ent and independent variables, estimated parameters, and constants. The 
dependent variables are always endogenous and the independent variables 
can be either exogenous or endogenous. In order to simplify the sol- 
ution procedure the program distinguishes two types of endogenous vari- 
ables; namely, recursive and simultaneous • Tlie recursive endogenous 
variables depend on their own lagged values, the lagged values of other 
similar endogenous variables, lagged values of simultaneous variables, 
exogenous variables, constants and estimated parameters. They can also 
be dependent on the current values of other recursive variables provided 
the latter ones are already computed prior to the computation of the 
variable in question^ The simultaneous endogenous variables intrinsically 
depend on the current values of other similar variables, 
their own and other similar variables' lagged values, the current and 
lagged values of recursive variables, exogenous variables and constants 
and estimated parameters. The exogenous variables and constants are 
each handled as an individual class. The estimated parameters are 
classified into labor supply (or simply supply) parameters and labor de- 
mand (or simply demand) parameters. 

In order to facilitate the solution of the system of equations they 
must be arranged in an order to confirm the "natural flow". That is to 
say, the recursive variables which do not depend on the current values 
of other recursive variables must be solved first. Then those recursive 
variables which depend on the current values of already computed ones 
must be solved. Lastly the simultaneous variables are solved. To achieve 
this purpose the system of equations may often have to be rearranged. 

For example, a system of equations, after rearranging, may be as 
follows: 




(47) 



(48) 
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^4 = S + ^7^1 + ^8^ ^9^ ^ ^0^5 • • • • (50) 

^1 = S + ^21-^ ^2^2 + ^22^2_/ ^23^ + ^24^./ ^25^ ^^^^ 

^2 = ^6 + ^26 ^ ^27^1 + ^28^1_,+ ^29S.;' ^30^ ^ ^3lS ^52) 

S = S + ^2 + ^3^1 + ^34^2 + ^35^./ ^36^1 + ^37'5.^ ^53) 

In this system of equations there are: 

1) Seven endogenous variables; 

a) four recursive , R-, R_,. and R, , and 

12 3 4 

b) three simultaneous S^^, S^, and S^. 

2) Five exogenous variables; namely E^^, E^, E^, E^, and E^. 

3) Thirty-seven estimated parameters P^^ to P^y* 

4) Seven constants C, , C^, C^, C,, C^, C^, and C^. 

12 3 4 5 6 7 

NOTE: The second suffix with a negative sign on recursive, simultaneous 
and exogenous variables indicates the number of lag periods for those 
variables. The constants can be used as adjustment constants. 

The solution procedure for the system of equations, like the one 
above, is iterative and proceeds as follows. 

Solution of the recursive equations is a two-step procedure. 

The first step is to solve those recursive variables which do not 
depend on the current values of other recursive variables, in terms of 
C's, P's, and E*s and the lagged values of R*s and S*s. In the example 
above would be solved first. 

The second step is to solve all the other recursive variables which 
depend on C*s, P*s, E*s and the lagged values of R's and S*s, and also 
on the current values of other recursive variables solved in the first 
step. In our example, R^, R^* and R^ would be solved in the second 
step. 

Thus, at the end of the second step all the recursive variables 
would have been solved. 

2 

The simultaneous equations are solved en bloc and iteration may 
have to be performed on the whole block before a solution can be reached. 
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The simultaneous variables depend on C's, P*s, R's, E's, the lagged 
values of any of the S's and also on the current values of other S's. 
Now, if for the current values of the other S's on the right hand side 
we use their values from the previous period then we have a system of 
simultaneous equations which can be easily solved. This is exactly 
V7hat is done in the program. After this first solution set is obtain- 
ed, the program compares the new value of each of the dependent simult- 
aneous variables with its corresponding old value. If none of the S's 
has changed by more than a prespecified small amount, the simultaneous 
block is considered solved. If, however, one or more of the S's is 
found to have changed by more than the specified small amount, the 
whole process is repeated and new values for the set of dependent sim- 
ultaneous variables are obtained. The process continues until no simult- 
aneous variable changes in value from one iteration to the next by more 
than the specified amount. It should be clear that during the solution 
of the simultaneous block the recursive block remains unaffected. 

The iterative procedure for the solution of the simultaneous block 
is simple, but is does not guarantee a solution. However, the method 
seems to work well for realistically formulated models. If no solution 
is reached within a reasonable number of iterations then the following 
step can be taken: the equations of the model can be reordered, moving 
some of the more volatile relationships to the end of the iterative 
cycle. In this way the values for those S's that are least sensitive 
to initial conditions are calculated first and then the values for those 
that are more sensitive. The problem is, therefore, equivalent to 
whether or not a particular "cobweb" model is convergent or not. For 
non-linear models the initial starting point can also affect the ability 
to reach a solution. 

In the next section we will discuss how to code the equations proper- 
ly for use in the SOLAMI program. 

3.2 Coding the Equations 

The entire model is divided into two parts, the recursive equations 
part and the simultaneous equations part. Both parts must be coded in 
PORTRAIT IV. The recursive equations are stored in a file called RECUR- 
^ CODE and the simultaneous equations are stored in a file called SIMUL- 
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CODE. The coding procedures and the conventions are as follows. 



3.3 Constants 

There can be a maximum of 999 different CONSTANTS in the entire 
model. These CONSTANTS appear on the right hand side of the equations 
are are coded as CONSTS(j), where j is the CONSTANT number (1 to 999). 

3.4 Estimated Parameters 

The SOLAMI program differentiates between two different kinds of 
estimated parameters, namely SUPPLY PARAMETERS and DEMAND PARAMETERS. 
There can be a maximum of 999 different parameters of each kind in the 
entire model. The SUPPLY PARAMETERS are coded as SP(j), where j is the 
SUPPLY PARAMETER number (1 to 999). 

3.5 Exogenous Variables 

The coding of EXOGENOUS variables is done in a manner different from 
the above. A lagged EXOGENOUS variable needs two specifications, namely, 
the number of lag periods for the variable and the variable number. The 
SOLAMI program allows a maximum of 15 lag periods. The maximum number of 
different EXOGENOUS variables allowed in the entire model is 99. 

When the lag period is between 1 and 15, the EXOGENOUS variables are 
coded as LE(i,j) where i refers to the length of the lag (between 1 and 15) 
and j refers to the variable number (1 to 99). 

For the current value of the EXOGENOUS VARIABLE no specification for 
the number of lags is required* The current values of EXOGENOUS variables 
are therefore coded as CE(j), where j is the variable number (1 to 99). 

3.6 Recursive Variables 

The program allows a maximum of 99 RECURSIVE variables. 

The RECURSIVE variables are computed sequentially in the order in 
which their coding is arranged. Therefore, those which do not depend on 
the current value of any other ones (RECURSIVE VARIABLES) must be coded 
first. After these, those RECURSIVE variables which depend on the cur- 
rent values of already computed ones can be coded. This arrangement 
must be maintained very strictly, otherwise computed results will be 
erroneous. Computations for the block of RECURSIVE equations are performed 
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only once for each period of simulation. 

The RECURSIVE variables which are to be computed appear on the left 
hand side of the equation and they denote the current value of the var- 
iable. These variables are coded as R(j), where j is the variable num- 
ber (1 to 99) . The current values of RECURSIVE variables which appear 
on the right-hand side of an equation are similarly coded. (This sit- 
uation arises when the current value of a RECURSIVE or SIMULTANEOUS 
variable depends on the current values of other RECURSIVE variables 
which are already computed) . 



NOTE: A RECURSIVE variable which is being computed cannb^depend 
on its own current value. 

Lagged RECURSIVE variables (like EXOGENOUS ones) need two speci- 
fications, one for the number of lag periods for the variable and the 
other for the variable number. Lagged RECURSIVE variables are, there- 
fore, coded as LR(i,j), where i refers to the length of the lag (between 
1 and 15) and j refers to the variable number (1 to 99) . 

3*7 Simultaneous Variables 

A SIMULTANEOUS variable can depend on the current values of other 
SIMULTANEOUS variables for which the values are not yet computed. Hence, 

the SIMULTANEOUS variables are computed en bloc. Computations for 

the whole block are iterated a number of times until the values 

of the SIMULTANEOUS variables during two successive iterations differ by 

a certain preset small number (like 0.01 etc.). 

The SIMULTANEOUS variables (like EXOGENOUS and RECURSIVE ones) also 
need two specification; one for the number of lag periods for the var- 
iable and the other for the variable number. The lagged simultaneous 
variables, therefore, are coded as LS(i,j), where i refers to the length 
of the lag (between 1 and 15) and j refers to the variable number (1 to 
99). 

The coding procedure for the current value of SIMULTANEOUS variables 
which appear on the right hand side of a SIMULTANEOUS equation is slight- 
ly different than the corresponding procedure for RECURSIVE variables. 
The current SIMULTANEOUS variables on the right hand side are coded as 
CS(j), where j is the variable number (1 to 99). 

Standard FORTRAN functions (like EXP, ALOG, SQRT, etc.) can be 
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used an3^here in the coding of equations following the FORTRAN pro- 
cedures, 

A summary of the coding indices and procedure follows. 
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3,8 Summary of Coding Indices 

CONSTS(j) for coding CONSTANTS, j is the CONSTANT number (1 to 999) 

SP(j) for coding SUPPLY PARAMETERS, j is the SUPPLY PARAMETER 

number (1 to 999) , 

DP(j) for coding DEMAND PARAMETERS, j is the DEMAND PARA- 

METER number (1 to 999) 

CE(j) for coding current value of EXOGENOUS variables, 

j refers to the variable number (1 to 99), 

LE(i,j) for coding lagged EXOGENOUS variables, i refers to the 

number of lag periods (1 to 15) and j refers to the var- 
iable number (1 to 99) 

R(j) for coding the current value of a RECURSIVE variable to 

be computed anu appearing on the left hand side of an 
equation. j is the variable number (1 to 99). 

R(j) for coding the current value of a RECURSIVE variable on 

the right hand side of an equation, j is the variable 
number (1 to 99). R(j) must have already been computed 
somewhere in the block of RECURSIVE equations before it 
can be used in the right hand side of an equation. 

LR(i,j) for coding a lagged RECURSIVE variable, i refers to the 

number of lag periods (1 to 15) and j refers to the 
variable number (1 to 99) , 

S(j) for coding the current value of a SIMULTANEOUS variable 

to be computed and appearing on the left hand side of 
an equation, j is the variable number (1 to 99). 

CS(j) for coding current value of a SIMULTANEOUS variable 

appearing on the right hand side of an equation, j is 
the variable number (1 to 99) » 

LS(i,j) for coding a lagged SIMULTANEOUS variable, i refers to 

the number of lag periods (1 to 15) and j refers to the 
variable number (1 to 99) . 
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3.9 Examples of Coding the Equations 

Let us now look at examples of coding the equations for use in the 
SOLAMI program. 

In the system of seven equations in section 3.1 there are: 
i. four recursive variables to R^, 

ii. three simultaneous variables to S^, 

iii. five exogenous variables E^ to E^, 

iv, thirty-seven estimated parameters P^^ to P^y* ^^^> 
V. se' "constants to C^. 

Of the thirty-seven estimated parameters let us assume that the 
first fifteen (P^ to P^^) are demand parameters and the remaining 
twenty^two (P^^ to P^-,) are supply parameters. Then the seven equations 



should be coded as: 

R(l) CONSTS(l) + DP(1) + DP(2y * CE(1) + DP(3) * LE(1,1) + DP(4) 

* LR(2,1) +DP(5) * LS(1,1) (54) 

R(2) = C0NSTS(2) + DP(6) + DP(7) * R(l) + DP(8) * CE(2) + DP(9) 

* LE(3,2) + DP(IO) * LR(3,2) (55) 

R(3) = C0NSTS(3) + DP(ll) * CE(3) + DP(12) * CE(4) + DP(13) * R(l) 

+ DP(14) * R(2) + DP(15) * LS(1,2) + SP(1) * LS(2,3) (56) 

R(4) = C0NSTS(4) + SP(2) * R(l) + SP(3) * R(2) + SP(4) * R(3) 

+ SP(5) * LR(5,4) (57) 

S(l) = C0NSTS(5) + SP(6) + SP(7) * CS(2) + SP(7) * LS(1,2) + SP(8) 

* R(4) + SP(9) * LE(1,4) + SP(IO) * CE(5) (58) 

S(2) = C0NSTS(6) + SP(ll) + SP(12) * CS(1) + SP(13) * LS(1,1) 

+ SP(14) * LS(2,3) + SP(15) * CE(6) + SP(16) * R(3) (59) 



S(3) = C0NSTS(7) + SP(17) + SP(18) * CS(1) + SP(19) * CS(2) 

+ SP(20) ^ LS(1,3) 4- SP(21) * CE(1) + SP(22) * LE(1,5) .... (60) 

In the SOLAMI program since the econometric model deals with labor 
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supply and demand we have dif f ereniated between the parameter^ esti- 
mated for labor supply equations (SP's) and those estimated for labor 
demand equations (DP's), The user, however, has to have his own con- 
ventions as regards to what the recursive variables (R's and LR's), 
the simultaneous variables (S's, CS's, and LS's), the exogenous vari- 
ables (CE's and LE's) and the constants (C's) represent in his econo- 
metric model. 

A listing of the coded equations used for the sample run (see the 
section on SIMULATION for this) is given in Appendix C-1, 
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3.10 File Organization 

The SOLAMI program reads the data it needs for simulation from one 
of three files stored in the computer. The data for the DETROIT SMSA 
are stored in the file DT, and those for DENVER and MILWAUKEE SMSA's are 
stored in the files DN and ML respectively. The organization of these 
files is an important aspect of the use of SOLAMI program. They must be 
set up correctly in a certain sequence. 

All the three files DT, DN, and ML are MTS line files and are sim- 
ilarly organized as explained below. 

(NOTE: In the explanation given below x is any digit. All the lines 
in the file start from column number one. All the formats refer to 
standard FORTRAN formats) . 

All the files must be organized in the following sequence. 

1. xxx the first line in the file should be line number (in 13 for- 
mat from where the main body of data starts. 

2. XX the second line in the file should be the number of maximum 
lag periods in (12 format) in the model. Maximum number of lag periods 
allowed in the model is 15. 

3. XX the third line in the file is the number of industries (in 12 for- 
mat) being simulated. In the present version we do not use this infor- 
mation, hence it must be set to GO. 

4. xxx the fourth line in the file is the number of different constants 
(in 13 format) in the model. Maximum number of constants allowed in the 
model is 999. 

5. The next several lines in the file should contain values of the var- 
ious constants used (in 10 (F8.0) format). If there are no constants 
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then these lines need not be present and the preceding line must be 
0 (zero). 

6. XXX this line (the one after the lines containing the values of 
the constants, if there are any) is the number of demand parameters 
(in 13 format) in the model. The model allows a maximum number of 999 
demand parameters. 

7. The next several lines should contain the values of the various 

3 

demand parameters used (in 10 (F8.0) format). If there are no demand 
parameters then these lines should be omitted and the preceding line 
must be 0 (zero) . 

8. XXX this line (the one after the lines containing the values of 
the demand parameters, if there are any) is the number of supply para- 
meters in the model. A maximum of 999 supply parameters can be used 
in the model. 

9. The next several lines again should contain the values of the var- 

3 

ious supply parameters used (in 10 (F8.0) format). If there are no 
supply parameters then these lines must be omitted and the preceding 
line must be 0 (zero). 

10. xxxx.x this line contains the value of last year (in F6.1 format) 
of recursive and simultaneous data that will be stored in the file. 

11. XX, XX, XX, XX this line contains the values of four variables (in 
4(12, IX) format). 

i. The first value is the number of exogenous variables in the 
model. There can be a maximum of 99 exogenous variables. 

ii. The second value is the number of recursive variables in the 
model. Maximum number of recursive variables allowed is 99. 

iii. The third value is the number of simultaneous variables in the 
model. The model can handle a maximum of 99 simultaneous variables. 

iv. The fourth value is the total number of lines (or data cards) 
in each segment (see below) which contain the period specification and 
the values of exogenous, recursive and simultaneous variables for that 
period. 

From the next line starts the main body of data. It is this line num- 
ber which should be entered in the first line in the file (see 1 above). 



See the footnote on page 67* 
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The main body of data is organized in segments, each segment con- 
taining the values of exogenous, recursive and simultaneous variables 
for one period. Further, the segments are organized backwards, that is, 
the latest period first, the second latest period next and so on* These 
segments are organized as follows, 

12* xxxx.x the first line in the segment is the period (in F6,l format) 
for which the values of exogenous, recursive and simultaneous variables 
are stored in the segment, 

13* The lines after this contain the values of exogenous variables (in 
4 

10(F8.0) format) for the above period, 

14, After these are stored values of recursive variables (again in 10 

4 

(F8.0) format) for the same period, 

15, Lastly are the lines for the values of simultaneous variables (in 

4 

10 (F8,0) format again) for the same period, 

NOTE: Any line in the segment should contain values for variables 
of one type only. 

The organization of all the segments is done in the same manner 
until the end of the file is reached, 

NOTE: The file must not contain any fractional or negative line 
numbers. 

The total number of lines for 12, 13, 14, and 15 is the figure 
which is entered for the total number of lines for each segment in 
(11, iv) above, 

A complete listing of the data file for the Detroit SMSA used for 
the sample run (see the section on SIMULATION for this) is given in 
Appendix C-2, 



3, 11 Description of Commands 



In spite of the format specification being 10(F8,0), each of the ten 
(or less) data items in a line can be entered in a different F format. 
The only requirement is that each entry must be within fields of 8 
and must contain a decimal point and a sign if required. That is, 
the first entry in a line must be within the first eight columns and 
must contain a decimal point somewhere within those columns and a 
sign at the beginning if required. Similarly the second entry with 
its decimal point (and sign, if required) can be in the next eight 
columns and so on. 



The SOLAMI program permits considerable interaction between the 
user and the simulation program through a set of commands. Each command 
performs a specific task. In the interaction mode, a command should be 
entered only after the probe character, a question mark (?) , is printed 
on the terminal. This means that the simulation program is ready to 
receive a command. Many of the commands operate in two stages. That 
is, after a particular command is entered it may be necessary to supply 
further information to complete its execution. The operation of such 
commands will become clear when they are fully explained later on. In 
many cases, after a command is entered, instructions on how to proceed 
from there will be automatically printed. In other cases the command 
HELP can be entered to obtain further information. 

Basically there are two sets of commands. First of all, there are 
commands which can be entered any time after the SMSA to be simulated 
and the period from which the simulation is to be begun are defined, 
but before performing any simulation of the- model. These commands pri- 
marily permit the user to print and/or change the values of various 
constants, parameters and variables used, and it initiate the simulation. 
Secondly, there are commands which permit the user, after a simulation for 
at least one period is done, to obtain a selective printing of the 
results and error statistics, to obtain a status on the number of periods 
simulated and to terminate the simulation. However, if the user enters 
a command incorrectly a message to that effect will be printed and he 
can then enter the correct command. 

All the presently available commands are described below. 
In the commands the parenthesized letter (s) can be used as an 
abbreviation of the corresponding word. The other words must be used 
as they are. There must not be any blank(s) embedded in a command 
word. Unless otherwise stated, the maximum length of the total command 
can be up to 80 characters and there can be one or more blanks at the 
beginning or at the end of a command word or in between two command 
words. Commands which must be entered in a specified format must 
follow that format otherwise error will result, 

COMMANDS WHICH CAN BE USED BEFORE THE MODEL IS SIMULATED FOR 

AT LEAST ONE PERIOD BUT AFTER THE SMSA TO BE SIMULATED AND 

THE PERIOD FROM WHICH THE SIMULATION IS TO BE BEGUN ARE DEFINED, 
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1. (P)RINT (COM)MANDS - This command is used to print a list of the 
commands presently available in SOLAMI. 

2. (P)RINT (EXP)LANATION - This command is used to obtain a print-out 
of a short explanation of the SOLAMI model. 

3. (P)RINT (IND)USTRIES - This command is used to print a list of the 
industries simulated. 

4. (P)RINT NITER - This command prints the Number of ITERations for 
which computations of simultaneous equations are carried out to 
achieve convergence. 

5. (P)RINT CONCRI - This prints the CONvergence CRIterion for simult- 
aneous equations. 

6. (P)RINT EVAR or (P)RINT EXOGENOUS - This command allows the user to 
print the values of Exogenous VARiables. (Also see the NOTE at the 
end of (P)RINT SVAR command). 

7. (P)RINT RVAR or (P)RINT RECURSIVE - This command is similar to the 
above command and allows the user to print the values of Recursive 
VARiables. (Also see the NOTE at the end of (P)RINT SVAR command). 

8. (P)RINT SVAR or (P)RINT SIMULTANEOUS - This command is similar to 
the above two commands and allows the user to print the values of 
Simultaneous VARiables. (See the NOTE below). 

NOTE: The above three commands, nos. 6, 7 and 8, operate in two 
stages. After any one of these commands is entered, the SOLAMI pro- 
gram asks the user to enter further information on the number of the 
variable to be printed and the periods for which it is to be printed. 
This information is entered in the form VARNO, YRQUl, YRQU2 where: 

VARNO = the variable number whose values are to be printed, in 
12 format. 

YQl = the year and quarter, in F6.1 format, beginning which 
the values are to be printed. 

YQ2 = the year and quarter, in F6.1 format, up to and including 
which the values are to be printed. 

VARNO, YQl and YQ2 must be separated by a comma (,) or a dash (-) . 

After the values of the variables are printed, a new specification 
for VARNO, YQl, YQ2 can be entered. When no more variables are to be 
printed the command (ST)OP must be entered to return control to the 
mode where other commands can be entered. 
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9. (P)RINT DPAR or (P)RINT DEMAND-PARAS - This command is not imple- 
mented in the present version of SOLAMI. 

10. (P)RINT SPAR or (P)RINT SUPPLY-PARAS - This command also is not im- 
plemented at present. 

11. (P)RINT (CONS)TANTS - This allows the user to print the values of 
various constants used. If the user wants to print another list 
of constants then this command has to be reentered. 

12. (C)HANGE NITER - By using this command the user can Change the 
Number of iTERations for which computations of simultaneous equations 
are carried out to achieve convergence. 

13. (C)HANGE CONCRI - This command is used to change the CONvergence 
CRIterion for simultaneous equations. 

14. (C)HANGE EVAR or (C)HANGE EXOGENOUS - This permits the user to 
change the value of any Exogenous VARiable. (Also see the NOTE at 
the end of (C)HANGE SVAR command). 

15. (C)HANGE RVAR or (C)HANGE RECURSIVE - This command is similar to the 
above one and allows the user to change the value of any Recursive 
VARiable. (Also see the NOTE at the end of (C)HANGE SVAR command) . 

16. (C)HANGE SVAR or (C)HANGE SI^^ULTANEOUS - This command is similar to 
the above two commands and is used to change the value of any Sim- 
ultaneous VARiable. (See the NOTE below). 

NOTE ; Like the corresponding PRINT commands the above three commands, 
nos. 14, 15 and 16, operate in two stages. After any one of these 
commands is entered, the SOLAMI program asks the user to enter further 
information on the variable number, the period for which it is to be 
changed and its new value. This information is entered in the form 
VARNO,YRQU,NUVAL, where 

VARNO = the variable number whose value is to be changed, in 12 
format, 

YRQU = the year and quarter in F6.1 format for which the value 
of the variable is to be changed, 

NUVAL = new value of the variable. This value must be within 
eleven columns and must contain a decimal point and if necessary a sign 
also. 

VARNO, YRQU and NUVAL must be separated by a comma (,) or a dash X-) • 
After the value of the variable in question is changed a message 
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to that effect will be printed out. Further variables can be changed 
after this. When no more variables are to be changed the command 
(ST)OP must be entered to return control to the mode where other 
commands can be entered. 

17. (C)HANGE DPAR or (C)HANGE DEMAND-PARAS - This command is not im- 
plemented in the present version of SOLAU.I. 

18. (C)HANGE SPAR or (C)HANGE SUPPLY-PARAS - This command is also not 
implemented in this version of SOLAMI. 

19. (C)HANGE (CONS)TANTS - This command permits the user to change the 
value of any constant. After this command is entered the program 
will ask the user to enter, the number of the constant whose value 
is to be changed and its new value. These must be entered in the 
form CNO,NUVAL where: 

CNO = number of the constant to be changed, 

NUVAL = new value of the constant. This value must be within 
eleven columns and must contain a decimal point and, if necessary, 
a sign also. 

CNO and NUVAL must be separated by a comma (,) or a dash (-) . 
After the old value of the constant is replaced with its new value 
a message to that effect will be printed. More constants can then 
be changed. When no more constants are to be changed the command 
(ST) OP must be entered to return coiitrol to the mode where other 
commands can be entered. 

20. (S)IMULATE (DYN)AMICALLY - By this command the user can initiate a 
dynamic simulation run. In this type of run, predicted values of 
recursive and simultaneous variables are used for their lags during 
simulation. 

21. (S)IIvrjLATE QRT or (S)IMULATE QUARTERLY - This allows the user to 
initiate a quarterly simulation run. In a quarterly simulation run 
the actual values of recursive and simultaneous variables are used 
for their lags during simulation. 

22. (S)IMULATE (RES) IDUAL or (S)IMULATE RESIDUAL-RUN - This command is 
not implemented in the present version of the program. 

23. (H)ELP - This is a very useful command and it can be entered at 
various stages in the program. When entered, it prints for the 
user the necessary information or a short explanation on what he 



71 



should do next. 

24. (M)TS - By this command the user can return control to the Michigan 
Terminal System (MTS) without suspending the SOLAMI program. While 
in MTS the user can use the various MTS commands, HowBver, at this 
stage no other programs can be run. To return control back to the 
SOLAMI program the command RESTART must be entered, 

25. (R)ERUN - This allows the user to stop the present run and rerun the 
simulation for the same or some other SMSA. 

26. (T)ERMINATE - This command terminates the present simulation run and 
returns control permanently to MTS. 

COMMANDS WHICH CAN BE USED AFTER THE MODEL IS SIMULATED FOR 
AT LEAST ONE PERIOD . 

27. (P)RINT (R)ESULTS 1969.1 1969-3 1968.4 etc. This command is used for 
printing complete simulation results for the periods specified. 
There must be at least one blank between two consecutive periods. 
The order in which periods are entered is unimportant but their 
maximum number should not exceed eight. The results for all the 
periods simulated will be printed if their specification is com- 
pletely omitted from the command. 

28. (P)RINT (S)UMMARY 1969.1 1968.4 1971.3 etc. - This command is not 
implemented for this version of SOLAMI. 

29- (P)RINT (STAT)ISTICS - This allows the user to print the statistics 
for residuals of recursive and simultaneous variables. After this 
command is entered the program will ask the user to specify the 
type and the number (s) of the variable(s) for which the statistics 
are to be printed. This specification must be entered in the form 
VARTYP,VARN01,VARN02 where: 
VARTYP = RVAR for recursive variable, 

= SVAR for simultaneous variable, 
VARNOl = the variable number, in 12 format, starting which the 

statistics are to be printed, and 
VARN02 - the variable nxxmber, in 12 format, up to and including 
which the statistics are to be printed. 
VARTYP, VARNOl and VARN02 must be separated by a comma (,) or a 
dash (-). 

After the statistics are printed a new specification for VARTYP, 
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VARNOl and VARN02 can be entered. When no more statistics are 
to be printed the command (ST)OP must be entered. This will return 
the program control to the mode where other selective printing 
commands can be entered. 

30. (S)IMULATE - This command enables the user to simulate the model 
further. The simulation mode will be the same (dynamic or quarterly) 
as it was when the present run was initiated. 

31. (ST) OP - This command has been described above as the one which en- 
ables the user to stop a procedure. But in the case where it is used 
as a selective printing command, it will stop the present run and pre- 
pare the model for a new simulation nm, either for the same SMSA 

or a new SMSA, without terminating the SOLAMI program. 

32. STATUS - This prints the simulation status of the model, that is, 
the number of periods simulation so far and the present simulation 
mode . 

33. (H)ELP - Same as (H)ELP above. (See command number 23). 

34. (M)TS - Same as (M)TS above. (See command number 24). 

35. (R)ERUN - Same as (R)ERUN above. (See command number 25). 

36. (T)ERMINATE - Same as (T)ERMINATE above. (See command number 26). 

A sample run demonstrating the use of all the above conmiands is in- 
cluded in the section on Simulation. 

3.12 Summary List Of Commands 

We give below a summary list of the commands presently available in 
SOLAMI . 

The parenthesized letter (s) can be used as an abbreviation of the 
corresponding f^ord. 

Command numbers one to twenty-six can be successfully used after the 
SMSA that is to be simulated and the period from where simulation is to 
be started are defined. Command numbers twenty-seven to thirty-six, 
which are for selective printing of results can be successfully used 
only after the model is simulated for at least one period. Remember 
that a command eatered ?t a wrong time will come back with a diagnostic 
like '•**ILLEGAL COMMAND. TRY AGAIN**" without interrupting the simulation. 

The probe character for SOLAMI is a question mark (?). So the 
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command should be entered only after this question mark (?) is printed 
on the terminal. The maximum length of the total command should not 
exceed 80 characters and there must not be any blank(s) embedded in a 
command word. However, in between any two words or at the beginning 
or at the end of a word, there can be one or more blanks. 



COMMANDS 


1. 


(P)RINT (COM)MANDS 


2. 


(p;rint (exp)lanation 


3. 


(P)RINT (IND)USTRIES 


4. 


(P)RINT NITER 


5. 


(P)RINT CONCRI 


6. 


(P)RINT EVAR or (P)RINT EXOGENOUS 


7. 


(P)RINT RVAR or (P)RINT RECURSIVE 


8. 


(P)RINT SVAR or (P)RINT SIMULTANEOUS 


9. 


(P)RINT DPAR or (P)RINT DEMAND-PARAS^ 


10. 


(P)RINT SPAR or (P)RINT SUPPLY-PARAS^ 


11. 


(P)RINT (CONS)TANTS 


12. 


(C)IIANGE NITER 


13. 


(OHANGE CONCRI 


14. 


(C) RANGE EVAR or (C)HANGE EXOGENOUS 


15. 


(C) RANGE RVAR or (C) RANGE RECURSIVE 


J.D . 


^L*/ niilNlj£j oVAi\ or ruiJNla£j o JLrlULiiiiiNlLUUO 


17. 


(OHANGE DPAR or (C) RANGE DEMAND-PARAS^ 


18. 


(C)HANGE SPAR or (C)HANGE SUPPLY-PARAS^ 


19. 


(ORANGE (CONS)TANTS 


20. 


(S)IMULATE (DYN)AMICALLY 


21. 


(S)IMULATE QRT or (S)IMULATE QUARTERLY 


22. 


(S)IMULATE (RES)IDUAL or (S)IMULATE RESIDUAL--RUN 


23. 


(H)ELP 


24. 


(M)TS 


25. 


(R) ERUN 


26. 


(T)ERMINATE 



The following commands can be used only after the model is simulated for 
at least one period. In command numbers twenty-seven and twenty-eight 



These commands are not implen.2nted in the present version of SOLAMI;! 
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there must be at least one blank between two consecutive period spec- 
ifications,. The periods specification can be in any order. The results 
for all the simulation periods will be printed if their specification is 
completely omitted. 



27. 


(P)RINT (R)ESULTS 1969.1 


1969.3 


1968.4 etc. 


28. 


(P)RINT (S)UMMARY 1969.1 


1968.3 


1970.1 etc. 


29. 


(P)RINT (STAT)ISTICS 






30. 


(S)IMULATE 






31. 


(ST) OP 






32. 


STATUS 






33. 


(H) ELP 






34. 


(M)TS 






35. 


(R)ERUN 






36. 


(T) ERMINATE 








3.13 Running the Model 
Selection o£ a Terminal 

The SOLAMI program, at present, has to be run on the University of 
Michigan IBM/360 computer with a 118 character terminal. 

In case of any questions or difficulties the user should contact 

^Aauthor at the following address: Meredith LaVoie 

Institute of Labor and Industrial 

Relations 
The University of Michigan 
Ann Arbor, Michigan 48103 
Phone: (313) 763-1118 

S ignon Procedure 

The U of M computing center has a 24-hour status of MTS (Michigan 
Terminal System) information service which gives a recorded message on 
whether the system is "up" or "down". The phone number for obtaining 
this information is (313) 763-0420. 

For signing on MTS through a terminal, use any one of the following 
phone numbers: 

Via MEMOREX 2780 - (313) 763-0300. If you use this number then 
t>pe in "go" after the connection is established. When asked ''WHO ARE 
YOU?" you should reply with two carriage returns. 

Via the data concentrator - (313) 763-1500 

It is assumed that before the user actually runs the SOLAMI program 
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he would have created all the necessary data files. 

After response from the computer, signon with your ID and the 
password and type in: 

$SOURCE SAWVzSOLAMI 
(See Figure 4 on the next page) . 

3.14 Simulation 

We explain in this section the simulation process and the working 
of the SOLAMI program. The simulation process is explained with the 
help of an actual session on a terminal and the printout from this 
session is given on the following pages. On the printout all the inputs 
from the user are in lower case letters and all the outputs from SOLAMI 
are in upper case letters. The explanations added by the author are 
given in a different type and are enclosed within parentheses. 

For this actual simulation session, the data from Detroit SMSA 
are used. Since there are several ways in which the simulation can be 
done, this example should be thought of as an illustration of che sim- 
ulation program only and not as our best predictions of the labor market 
of Detroit. 
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Figure 4 Instructions For Signing On The Computer 

Dial the number 



%LC10:2741 
MTS : ANN ARBOR (NC09-0068) 







# sig xyzt 






# ENTER USER 


PASSWORD. 



Sign on with your ID 



Enter your PASSWORD 



# **LASTS(GNON WAS: 11:41.19 12-1872 

# USER "XYZT" SIGNED ON AT 13:14.230N 12-18-72 



jf so sawvisolami 



Enter the command 
Source SAWViSOLAMI 
or 

SO SAWViSOLAMI 



H $SETECHO=OFF 
EXECUTION BEGINS 

^••♦♦SIMULATION OF LABOR MARKET INFORMATION***** 

-•ENTER THE SMSA CODE (FOR INFORMATION TYPE - HELP)^ 
? (Enter the SMSA code) 





NOTE: Computer responses 
are in capital letters. 
The user responses are 
in small letters. 
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APPENDIX C~l 

LISTING OF RECURCODE AND SIMULCODE 
USTiNG OF CODED EQUATIONS 

The following is a listing of recursive equations used for the sample run of SOLAMI 
for the Detroi t SMSA. 



1 c p*r) 

2 ii(i)=f^xp(cofir,TS(i)+np(.i)+np(2)*Ai.nn(rn(i7) + 32.n) + 

3 f*np(3)*A!.on(cR(n) )+np(U)*Ai.on(rR( .1) ) + 

k A[)P(5)*n.2r>*(AI.OP(( R(in) )+AI.0n(l.n(l,m))+AL0n(I.R(2,19)) + 

5 /'<ALon(Lr(3,in)))+np(r>)*AJ.on(i.n(i,.i))+np( 7)*A?.on(LR(2,.;))) 

G fi+corjr,TS(?.) 
7 c p^wjn 

n R(2)=f:xP(connTS(.'5)+PP(.^)+nP(n)*A[.no((:f:(i7) + 32.n) + 

0 fir)P(io)*Ai.on(rR(n)) + 

10 W)P(ii)*o.2r>^(Ai.nr,(CF.(a))+Ai.or,(i.R(i,R) )+A!.on(i.F.(2,<'^) > 

12 A+DP(a2)*n.2n>*(AI.Or,(CF(in) )+ALnG( I.Rd.in) )+ALno(Lr(2,in) ) + 

13 MLOn(LH(:'),10))) + 

Ik AnP(13)*AI.On([.R(l,2) )+nP(lU)*ALOn(I.R(2,2) ) )+CnNnTS(l») 



15 


C 




Id 




IK 3) =(cnMr> r';( 5)+np(.T) )*i.R( 1,3) 


17 


C 


Piii.Tin 


IS 




R(io^(no;jsrn(6)+r.p(2))*i.ii(i,i4) 


19 


C 


l>M^05J> 


20 




IK f) )=( COUNTS ( 7) +r.P( 3)) •LIU 1,5) 


21 


C 


PMr>5fi!j 


22 




R(r)) = (coMf) rs(n)+r.p(U) )*LiUi,6) 


23 


C 


ptAr,r,r> 


21t 




(K7)=(co(;.s r;;(n)+.';p(5) )«LfUi,7) 


25 


C 


PF1617 


26 




IK 3)=(coijr>Tr.(io)+r>P(r,) )*LR(i,n) 


27 


C 


PFiain 


23 




iKn)=(cntjr>Tr>(ii) + r>p(7))*LR(i,n) 


29 


C 


PF20l»l( 


30 




R(in)=(coNsTr.(i2)+sp(8))«LR(a,in) 


31 


C 


PFiir.fiu 


32 




IKll)=(C0N.ST.S(13) + SP(n))*LR(l,ll) 


33 


C 


PFfiGS 


3»t 




R(12)=(CONSfr.(lU) + SP(in))*LR(l,12) 


35 


C 


PTfiin 



36 R(13)=((R(3) + R(?O-^R(rO + R(6) + R(7)+R(R)+R(q)+R(in) + P(lI)+R(l^))/1.00) 

37 /*4+C0NSTr>(lS) 

38 C LRI1.T617 

30 R(i^»)=((roNSTr;(ir))+5;p(Tin+r,p(i2)*rp(if>) + (rnnnTS(i7)+r>p(i3) )* 

liO /VALOn .TO(CR( 1 7) ) + 5;P( 1/* ) (. 1 ) ^nPMiS )'^Cn( 2 ) -^nP( lf^)<'CH( 3) '^SP( 17)* 

kl ft(LF.(l,20)/LR(I,13) )*100.n + nP(a;n*I.R(l,lU)) 
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h2 C LUMiain 

«»3 u(ir>) = (cofjSTn(in)+sp(iq) )+r>p(20)*cF(i8) + (cnMSTS(io)+r,p(2i) ) 

hk A*ALnr,in(CR(17) )+<;P(22)*CF(l)+SP(23)*rH(2)+r>P(?.U)*CE(3)+SP(25)* 

h5 A(Ln(l,2n)/LU(l,13))*10n,n + f^P(2fi)*I.Rf 1,15) 

1*7 R(ir)) = (cof)r,Tr»(2n)+r>p(2 7) )+sp(2n)Hcr(if^) + (non."^TS(2i)+sp( 20) )w 

i»s fiAL()r:in(cr(i7) )+;;p(3n)*nF(i)-r5^p(3i)*rR(2)+np(32)*CF(3)+r,p(??3)* 

«»9 ri(LF(l,2n)/LK(l, 13) )*10n.n + nP(3U)*I.R(l,16> 

50 c i.Rnr>5f)U 

51 R(i7> = (cotKSTr>(22)+r,p(35))+r»p(3B)*cn(in) + (rnMr>Tr,(23)+r,P(37))*r 

52 AALor,in(cf:(i7) ) + !;p(3s)*-CF(i) + np(3n)*rR(2)+np(iiO)*cR(3)-»GP(iti)* 

53 A(LF( 1,20 )/LR( 1,13) )*inn. n + r»P( 1*2)* lJU 1,17) 
5«* C LRfir.OS 

55 R(ia) = (consTr,(2«4)+r>p(t;3) )+nP(uu)*cr(ii^) + (coNr>ir>(2r>)+r>p(ur>) )* 

5G AALor,in(CF(i7))+i;p(ur>)*cF(l)+5^p(^t7)*cF(2) + r»p(^i8)*r:F(3)+np(un)* 

57 /i(LF(l,20)/LIKl, 13 ) ) * 100 . n + r.P( 50 ) * |.R( 1, 18 ) 

53 c Lunni? 

59 R(in) = (coiJSTr»(2r>)+np(si) )+np(52)*cF(i??) + <coMr»Tr»( 2 7) + r,p(53) )* 

60 /^<ALnniO(CR C 17) )+r»P( 5'* )*CF( 1) +r)P( 55) *rFf2)+r»P(56) *CF( 3) +r,P( 57)* 

61 /i(LF(l,20)/LIUl,13))*100.O + nP(5n)*|.n(l,in) 

62 C LRFinin 

63 R(20) = (cnfjr,Tr>(2n) + r>p(5n) ) + :;p(no)*cFaP) + (cnMSTr»( 2n)+r,p(ri) )* 
6*1 AAi.onio(or( 17) )+r.p(r>2)*CFa) + r»P(R3)*rr( 2) + riP(RU)*nF( 3) -»r»p(r)5)* 

65 r<(LP.(l,20)/I.R(l,13) )*100^n + r.P(r)R)*LR(l,2n) 

66 C LUr20lft4 

67 R(2i) = (onNr, rs(3n)+sp(n7) )-fSP(r?^)*rR(ir?) + (cnfiSTn(3i)+r)P(6n) )« 

63 fiALnr,10(CR(17))+nP(70)vrCR(l)+r,PC / n*rr(2}+SP(72)*CR(3)+SP(73)* 

69 f<(LF(l,20)/LU(l,13) 100. 0 + r»P(7't )x,.n( 1,21) 

70 C LRF«45nu 

71 R(22) = (coiisTn(^?.)+sp(7f,) )+np(7n)*cF(in) + (cofir,Tr,(33)+np(77) )* 

72 fiALOr,10(CR(17) ) + SP( 7° ) vrCR ( 1 ) +S P( 70 ) *Cr ( 2 ) +5P( 80 ) * CF ( 3 ) +r, P ( <^ 1 ) * 

73 ft(LF(l,2 0)/IJUl,13) )*100.n + 5;P(32)*LR(l,22) 

7fi c LRrr,n5 

75 R(23)=(CONr,Tn(3U)+nP(,'^3) ^+5^P(nt4)*CF(lf^) + (CnNnTr,(35)+SP(35) )* 

76 AALOr,10(CR(17) ) + SP( 36) *CF(1) +r»P( n7WCR( 2) +r»P( 33) *CR( 3) +r,P( 30)* 

77 ri(LF(l,20)/LR(l,13) )*100.0+r»P(0n)*|.R(l,23) 
73 C ' LPT 

79 R(2'»)=((R(3)*R(lU) + R(t*)*R( 15)+R(5)*RClr))+R(^))*R(17)+R(7)*R(13)v 

80 AR(3)*R(in)-HKn)*r|>(20) + IU10)*R(21)+R(ll)*R(22) + R(12)*R(23) )/100,0) + 

31 ACf)Mr> (5(36) 



END OF RECURCODE 



the ERIC Clearinghouse at Stanford, Ue are av/are that sonie pages proba.bly 
will not be readable in microfiche or in Ho^'^d c^py 'P^irna . Hov;ever, 
this is the best available copy, and v/e feel that the document should not 
be withheld from interested readers on the basis or these unreadable pages alone* 
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The following is a listing of simultaneous equations used for the sample run 
of SOLAMI for the Detroit SMSA, 



1 C FMOl 

2 j;(i)=nxp(f)f>(i5)+np(ir))*cn(i)+np(i7)*cR(2)+np(in)tvcn(3)+np(in)t*r 

3 fiALon(cr:(ii)/LR(^,u))4np(2n)*Ai.nn(R(i)/LR(i,i))+r)P(2i)* 
k AALon((i.iKi,.i)^ i.i;(U.))/(i.r(i,i*)*(i.n+cnNnTS(i*n) ))) 

5 A+1.0*AI.On(LS(l,l)))+COMSTr>(37) 

6 C rM02 

7 s(2)=-M:xp(np(n2)+np(2?5)*cn(i)+np(r.^)Arrr2)+np(2r>)*CR(3)+nP(26)* 
' 3 ftA!.nn(nf!(n)/Lr(i,r>) )+np(2'/)*(rr(2T)-i.r(.i,?i) )+pp(2n)* 

9 ftALnr,(ru2) / i.iui, 2) )+nP( 28) *^Ai.nn(cr( 7)/ i.H( 1,7) )+np( 20)* 

10 fiALon((LU<i,2)*i.r»(i,2))/(!.r:(\,r>)*(\.o+cni!STr.(U9)))) 

11 A+nP(20)*Ai.on(i.R(i, 7) ) + i.o*Ai.nn(i.r,( 1,2) ))+cnN5;Tn(38) 

12 C RMT 

13 s(:i)=cr,(i)+cr,(2)+cnMr,Tr.(30) 

Ik C RNM0307 

15 s('O=EXP(np(30)+np(3i)*rn(i)+rp(i2)*rR(2)+np(33)*CR(3)+nP(3'O*.- 

16 AALOn(cr>(n) )+np( 3.n)*ALon(cR (12)) +pp( 36) *Ai.nn(LS( 1,10)) +C0N3 1 r>('>n) 

17 c mm 

in r>(ro«RXP(np(37)+np(3n)*rR(i)+pp(3")*rrf 2)+pp(^♦o)*rR(3) + (^p(l;l)■^ 
lO Anp(U2)*(CR(i3)/cR(iu)))*Ai.on(cr>(p))+np(U3)*ALnn(i.s(i,5) )) + 

20 ACOMr>TS(ia) 

21 c ?Ams 

22 s(n)=R;;i>(np(ii^)+np(u5)wCF(i)+pp(nr)*cR(2)+np(U7)*cf:(3) + (np(un)-> 

23 ftr)P(un)^(cr>(n)/cn(m) ) )*Ai.nn(CR( 15) )+np( 50) *ALnr,(i.r»(i,r)) ) ) 

2k A+Cf)IJSTn(U2) 

25 C RNMOfi 

26 r>( 7) =RXP(ni>(51) + f)P(52)*cr(l)+PP( 53 )*rn(2) + PP(5i*)*rr( 3) +np( 55)* 

27 AALonccscn) )+[)p(5r>)*Ai.on(CR(ir)))+np(57)*ALnn(LS(3/7)))+coNr5ir,(U3) 

28 C RNIIOi* 

20 s(a)=RXP(np(5n)+np(5n)*rr(i)+np(r,o)*rF^(2)+np(6i)*CR(3) + (np(62) + 

30 ftnp(r>3)*( (cn(ii)/cr(io))+rofj5^Tn(5n) ))*Ai.nn(rn(Q) ) 

31 A+nP(r)i*)*Ai.()r,(Ln(i, 8))+np(n5)*rR(23) )+cnNr,TS(t4i*) 

32 C HTOTOT 

33 s(n)=cr>(3) + cs(ii) + cf;(n)+rr,(fi)+rr.(7)-i-cr,(n)+cnrJSTS(«»5) 

3k A +CR<2.U) 

35 c RnT-iionnntioi.f) 

35 s(io)=((rn(n)-cF.(2U))/rR(22))*(i.o-roNSTJ?(i*6))+coNSTS(^ri)*(cs(n) + 

37 Acoiifnn('t7)) 

33 c iinnT-Lfun 

39 s(ii) = ((rU2a)-rr>cio))/R(2U) )*ioo.o*(i.n-coMnTS(i»s)) + 

ko AcoiJriTS(acT)*f:r(2i) 

kl C |.ri)T-LfWS \H). 2 

k2 s(i2)=connT?;(un)^.(cs(io)/(i.n-(rF(2i)/ioo.o))) 

END OF SIMULCODE 
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APPENDIX C-3 

3.15 SMSA^s And Selected Industrial Classifications 

The SMSA's and the selected industrial classifications for which 
we can simulate the model are as follows: 

LIST 12 

SMSA SMSA INDUSTRY INDUSTRY 

CODE CODE DESCRIPTION 



DETROIT DT 



01 ALL DURABLES 

02 ALL NON -DURABLES 

20 FOOD & KINDRED PRODUCTS 

33 PRIMARY METALS 

34 FABRICATED METALS 

35 MACHINERY EX. ELECTRICAL 

36 ELECTRICAL MACHINERY 

37 TRANSPORTATION EQUIPMENT 

03 MINING & SERVICES 

04 CONTRACT CONSTRUCTION 

05 TRANSPORTATION, ETC. SERVICES 
50 WHOLESALE TRADE 

06 RETAIL TRADE 

07 FINANCE, INSURANCE & REAL ESTATE 
91 FEDERAL GOVERNMENT 

08 STATE & LOCAL GOVERNMENT 




DENVER DN 01 ALL DURABLES 

02 ALL NON-DURABLES 

20 FOOD & KINDRED PRODUCTS 

35 MACHINERY EX. ELECTRICAL 

03 MINING & SERVICES 

04 CONTRACT CONSTRUCTION 

05 TRANSPORTATION, ETC. SERVICES 
50 WHOLESALE TRADE 

06 RETAIL TRADE 

07 FINANCE, INSURANCE & REAL ESTATE 
91 FEDERAL GOVERNMENT 

08 STATE & LOCAL GOVERNMENT 



92 



SMSA 



SMSA 
CODE 



INDUSTRY 
CODE 



INDUSTRY 
DESCRIPTION 



MILWAUKEE ML 



01 ALL DURABLES 

02 ALL NON-DURABLES 

20 FOOD & KINDRED PRODUCTS 

33 PRIMARY METALS 

34 FABRICATED METALS 

35 MACHINERY EX. ELECTRICAL 

36 ELECTRICAL MACHINERY 

37 TRANSPORTATION EQUIPMENT 

03 MINING & SERVICES 

04 CONTRACT CONSTRUCTION 

05 TRANSPORTATION, ETC. SERVICES 

07 FINANCE, INSURANCE & REAL ESTATE 

95 WHOLE SAJLE & RETAIL TRADE 

96 ALL GOVERNMENT 

Industry code numbers 01, 02, 33, 34, 35, 36 and 37 are for manufacturing 
industries. Industry code numbers 03, 04, 05, 06, 50, 07, 91, 08, 95, and 
96 are for non-manufacturing industries. 

We have tried to use, as far as we could, SIC codes for industry 
codes. Where we could not use SIC odes we have created our own. A 
more complete explanation of these codes will follow. 
INDUSTRIAL CLASSIFICATION CODES 

This is an explanation of industrial classification codes for man- 
uf ac tur ing indus tries . 

LIST 13 



MANUFACTURING INDUSTRIES 

ALL DURABLES 

ALL NON-DURABLES 

FOOD & KINDRED PRODUCTS 

PRIMARY METAL INDUSTRIES 

FABRICATED METAL PRODUCTS EXCEPT 

ORDANCE, MACHINERY, & TRANSPOR- 
TATION EQUIPMENT 



SIC OR 
OTHER CODE 

01 
02 
20 
33 



34 



These are NOT SIC codes, all others ARE. 
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LIST 13 CONT'D 

SIC OR 

MANUFACTURING INDUSTRIES OTHER CODE 

MACHINERY EXCEPT ELECTRICAL 35 

ELECTRICAL MACHINERY, EQUIPMENT & 

SUPPLIES 36 

TRANSPORTATION EQUIPMENT 37 

Explanation of industrial classification codes for non-manufacturing 
industries. 

LIST U 

bic OR 

NON-MANUFACTURING INDUSTRIES OTHER CODES 

MINING & SERVICES 03 

CONTRACT CONSTRUCTION 04 

TRANSPORTATION, COMMUNICATION, 

ELECTRIC, GAS & SANITARY SERVICES 05 

WHOLESALE TRADE 50 

RETAIL TRADE 06 

FINANCE INSURANCE & REAL ESTATE 07 

FEDERAL GOVERNMENT 91 

STATE & LOCAL GOVERNMENT 08 

WHOLESALE & RETAIL TRADE 95 

FEDERAL, STATE & LOCAL GOVERNMENT 96 

A more detailed explanation of the non-manufacturing industries 

again will follow. 

NON-MANUFACTURING INDUSTRIES OTHER CODE 

CONTRACT CONSTRUCTION (DIVISION C) WHICH INCLUDES: 04 

BUILDING CONSTRUCTION-GENERAL 

CONTRACTORS SIC 15 

CONSTRUCTION OTHER THAN BUILDING 

CONSTRUCTION-GENERAL CONTRACTORS SIC 16 

CONSTRUCT ION- SPECIAL TRADE CONTRACTORS SIC 17 

TRANSPORTATION, COMMUNICATION, ELECTRIC, GAS AND 

SANITARY SERVICES (DIVISION E) WHICH INCLUDES: 05 

RAILROAD TRANSPORTATION SIC 40 

LOCAL & SUBURBAN TRANSIT & INTERURBAN 

PASSENGER TRANSPORTATION SIC 41 



Q These are SIC codes, all others ARE NOT. 
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NON-MANUFACTURING INDUSTRIES 



SIC OR 
OTHER CODES 



MOTOR FREIGHT TRANSPORTATION & 



WAREHOUSING 


SIC 


42 


WATER TRANSPORTATION 


SIC 


44 


TRANSPORTATION BY AIR 


SIC 


45 


PIPE-LINE TRANSPORTATION 


SIC 


46 


TRANSPORTATION SERVICES 


SIC 


47 


COMMUNICATION 


SIC 


48 


ELECTRIC, GAS, & SANITARY SERVICES 


SIC 


49 
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WHOLESALE TRADE 

RETAIL TRADE (PARTIAL DIVISION F) WHICH INCLUDES: 

BUILDING MATERIALS, HARDWARE & FARM 

EQUIPMENT DEALERS SIC 52 

RETAIL TRADE-GENERAL MERCHANDISE SIC 53 

' FOOD STORES SIC 54 

AUTOMOTIVE DEALERS & "ASOLINE 

SERVICE STATIONS SIC 55 

APPAREL & ACCESSORY STORES SIC 56 

MINING AND SERVICES 

MINING (DIVISION B) WHICH INCLUDES: 

METAL MINING SIC 10 

ANTHRACITE MINING SIC 11 

BITUMINOUS COAL AND LIGNITE MINING SIC 12 

CRUDE PETROLEUM AND NATURAL GAS SIC 13 

MINING AND QUARRYING OF NONMETALLIC 

MINERALS, EXCEPT FUELS SIC 14 

SERVICE (DIVISION H) WHICH INCLUDES: 

HOTELS, ROOMING HOUSES, CAMPS & 

OTHER LODGING PLACES SIC 70 

PERSONAL SERVICES SIC 72 

MISCELLANEOUS BUSINESS SERVICES SIC 73 

AUTOMOBILE REPAIR, AUTOMOBILE SERVICES, 

AND GARAGES SIC 75 

MISCELLANEOUS REPAIR SERVICES SIC 76 

MOTION PICTURES SIC 78 

AMUSEMENT AND RECREATION SERVICES 

EXCEPT MOTION PICTURES SIC 79 

MEDICAL & OTHER HEALTH SERVICES SIC 80 
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50 



03 



SIC OR 
OTHER CODE 



NON-MANUFACTURING INDUSTRIES 

LEGAL SERVICES SIC 81 

EDUCATIONAL SERVICES SIC 82 

MUSEUMS, ART GALLERIES, BOTANICAL & 

ZOOLOGICAL GARDENS SIC 84 

NONPROFIT MEMBERSHIP ORGANIZATIONS SIC 86 

PRIVATE HOUSEHOLDS SIC 88 

MISCELLANEOUS SERVICES SIC 89 

FURNITURE, HOME FURNISHINGS & 

EQUIPMENT STORES SIC 57 

EATING & DRINKING PLACES SIC 58 

MISCELLANEOUS RETAIL STORES SIC 59 

FINANCE, INSURANCE & REAL ESTATE (DIVISION G) WHICH INCLUDES: 07 

BANKING SIC 60 

CREDIT AGENCIES OTHER THAN BANKS SIC 61 

SECURITY & COMMODITY BROKERS, 

DEALERS, EXCHANGES & SERVICES SIC 62 

INSURANCE CARRIERS SIC 63 

INSURANCE AGENTS, BROKERS & SERVICE SIC 64 

REAL ESTATE SIC 65 

COMBINATIONS OF REAL ESTATE, INSURANCE, 

LOANS & LAW OFFICES SIC 66 

HOLDING AND OTHER INVESTMENT COMPANIES SIC 67 

FEDERAL GOVERNMENT 91 

STATE & LOCAL GOVERNMENT (PARTIAL DIVISION I) WHICH INCLUDES: 

STATE GOVERNMENT SIC 92 

LOCAL GOVERNMENT SIC 9 3 

WHOLESALE & RETAIL TRADE (DIVISION F) 95 

FEDERAL, STATE & LOCAL GOVERNMENT (DIVISION I) 96 
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BtST COPY AVAlLAi^U. 



After signing on MTS properly enter $SOURCE SAWV:SOLAMI , the command to run the 
SOLAMI program. 



lEXEClJTIOfl BRGinn 

♦ ***i->r TilflULATinN or LABOR flAUKF.T I HFORIIAT I ON ***** 

♦* Tinn: 10:51. 2S 

*♦ DATR: tiAN 8, 1071* 

♦ * nfiTTR Tur r;Mr,A copf or itT) hahe. fo? niFORfiATion tvpf - hflp 

?help (Help is typed in for more information) 



*♦ TliF TU'O rilARACTrR COOFS FOR TflF SMSA THAT YOU f^AY \MSH TO SIMULATr: 
ARE:- 

DT FOR IJFTROIT^ 
ML FOR \U LWAUICFF:. 

** INHTFAD OF TflF. TWO CHARACTFR COOF TMH FULL UAIIF OF THR S!*.nA CAN ALSO 
Bh liriFO. 

*♦ TO TRIUIIMAir TIU! SFmiON TVPF IN - T OR TFRMIIJATF, 

TO i:Fini>N ro nrr, without r.unpFNnifjn timt. PRoniiAn typf in - m or mts. 

♦ * to RFTIiRN BACK FROM flTS TO TIIKS Pi^.OORAr! TYPF If! - RFHTARl. ** 

♦* FNTFR THF. nriSA nOOR OR M n NAflF. FOR I NTORI^AT I OjJ tYPR - HFLP 

Tdetrolt (The SMSA to be simulated is defined by entering its name or its two 
character code) 



♦ * OFTROIT Sr'HA TO RF SlfUlLATRO. TfIR NFCRSSARY PATA l,'ILL HF RRAO FROft 
THE FILR SAl/V:DT ** (The file from where the data will b3 read is defined by 

the program) 

*♦ RNTFU THR fiFniNNlUr, YRAU AND OUARTRR OF SIMULATION IN FB.l FORflAT. 
FOR INFOUnATION TYPR - HRLP ** 

?wlwl (The user has made a mistake) 
ILLROAL RNTRY. TRY AOAJN ** 

WIWI 

?he}p (Help is typed in again for more information) 

♦ * THIS MOPRL ALLOWr, VOU TO SIMULATR THR r,lir,A'S LABOR f!ARKRT nFOINNINn 
AT ANY fJlJARTFR FROM Finr>T QUARTF^^ l^r>l TO FOIjRlH OUARTRR, 1^72 . THR 

BRniriNiNa vrar Afin ouartf-r or :;K'uLATion hhoulp br rriTFRRn in ffwI roRfiAr. 

FOR FXAMPLR, TOGO, TH I RO OUAiMFfJ rJIOlH.P BR RNTRRRD AS infin,3 . THRRR CAN 
BR ANY NUMRRR OF BLANKS RfrOR!: OR AFIRR THR RfiTRY BUT fHRRR SHOUl.f^ NOT BR 
ANY BLANKS RfUMinnRD III TI'R EUJry AND [HR WHOLR RNTRY INRLUfMNfi THR BLANKS 
MUST BR WITHIN ^0 CHAIUCIRR:; ** 
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. ** F.NTRR THF. nno I Mil! riC, YTAR AMH QUARTER OF SUUII.ATIOM IM Pr.l PORtlAT. 

FOR iNrouriATinfj typr - nri.p ** 

?198n,2 (Beginning year and quarter of simulation Is defined Incorrectly. The 
latest oeriod from where simulation can be started is 1972.'*) 
** ILI.rnAL RNTRY. TRY AOAIN 

1980,2 (The beginning year and quarter of simulation is correctly defined) 

?i9r)8.i 

TiiR BF.nirjfjiNn yrar and QUAiarR of sifun.ATion ir> innn.i ^* 

♦ ♦ ALL TMR NFCnnnAUY DATA flAVR liRRfJ RRAF) in FROn TIIR FII.R SAl/V-DT 
** RfURR COfillANOS •** 

?hnlp (More Information will follow) 

** THR FOLKMnrjPi corinAiHin arr punr.RNTLY availarlr:- 

** (TIIR PARRfiTiirnir.Rn lrttriuto can br usrp Ar. aw abbrfviation of TfIR 
coRRRnpoNDinr, u'oud.) 

** (P)RINT (rOfOr.AMPr, - FOR PRIMTINO A Mf-T OF COf'flAlinn AVAM.ABLR. 

** (P)RINT (R;CP) I.ANAT lOfI - FOR PRIIUINr, A SflORT RXPLAflAriON OF [flR rnPFL, 

** (p)Rirn ( I fjp)iir,TRf Rr, - for pnifiTiuo a i.ij^t of irjnnmniRr. nwMHATrn. 

** (P)Rinf NITFR - FOR PRINTlfiH finrBRR OF ITRRATlONf^ FOR \;HI OH COMPU- 
ATIONG OF SlfUiLTAf^ROIir, ROUATIOfin ARR CARRIFP 0^«T TO AHMIRVR CONVFRGRNCR, 

** (p)pjut concRi - FOR ppjiJTUjr, convFRORNnR rRiTrnioN. 

** (P)RniT FVAR OR FXOORfJOHn - FOR PRIflTlRH RXOnRllOJir) VAR I AB L F:^"; . 

** (P)RINr RVAR Ofl RRCIJRniVR - FOR pniUTlflO RFrilRriVF VARIABLRS. 

** (P)R!nT sSVAR OR r> I ni)|.TAIJROlin - FOR PRINTIDO S I ."ll LTAflR0ll5> 
VARIABLRS. 

** (P)RnJT nPAR OR DRItANn-PARAn - FOR PRIMTlMO nFf^AflP PARAf ^PT FRfl . 

** (P)RINT r>PAR OR r>i;PPI.Y"PAfJAn - for PRiriTirJn nuPPl.Y PARAflRTRRS. 

** (p)Rirn (coNr>)TAnTr. - for PiMfniNO nofjr.TAHTr>. 

** RXCRPT FOR TIIR FIRST THIiRR, THR COr^MAMD (O)flArjnR CAN BR !:r>RO IMSFRAB 

OF 1I1R COItHAMO CP)UINT FOR CMANniMO ANY RNlRY IN AfiY OF TMR VARIOUf 7RC- 
TORS AND flATRICESj 

♦ ♦ (S)lflULATR (OYtOAftlCALLY - FOR STARTING A OYNAniC SlfUlLATlON Rill!. 

(S)IMULATR QRT OR nOARrRRLY - FOR STARTING A QOARTRRLY SIMULAIION 

RUN. 

♦* (S)IMI)LATR (RRS)iPuAl. OR fiRS I PUAL-RUN - FOR STARTING A RRS IPUAL 5lf1- 
ULATION RUfJ. (This command is not Implemented for this version of SOLAMI) 

** (lORLP - PRINTS FOrj TIIR NSRR RXPLANATIONS l/MFRRVFR RnOlMRRn. 

** (f1)TS - TO RRTIJP.N TO frrS i;iTflONr SdSPRNPlNG TIMS PimGRAfl. TO IIRTNRN 
BACK FROM flTS TO THIS PROGRAM TYPR IN - RFSTART. 

** (R)RRUN - TO STOP ANP RRRUN THR SIMULATION FOR THR SAMR OR SOM.R OTHRR 
SflSA. 

** (T)RRniNATR - FOR TRRMIMATING TfllS SRSSION. 

^Commands (C)HANG£ DPAR and (C)HANGE SPAR are not implemented for the present version 
of SOLAMI . 
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BEST COPY AVAILACLE 



Tiin FOLLoi/ifjn cnfifiAfjnfv t'lncn arf row r.n.FCTivr piMiiTiiin or rhsci.t.^ 

SHOUI.n BR llSFf) OWIY AFTFU IMF MOPFL IS SUUILATHP FOR ATLFAST ONF PFRIOD. 

(p)iMNr (R)Fr>iM.Ts inno.i innn.r) innnj* nr.. - for PRiNiifin nofiPi.FTF 

Slftlil.ATIOn RFHIILTS FOfv TMF PFIMOPS .SPFCiriFP. 

(P)uiin (s)iiMM.ARY inno.i mna.n inii.?^ ftc. - for primtinh ofii.Y a 

SUfniARV OF snUil.ATIOfj RFniM.Tn FOR' TIIF PFRIOpn nPFCIFIFP. 

** ni TMF AUOVF Tl/0 Cn[U1AI!Pr> TMFRF fMIST BF ATI.FAST OMF ni.AtlK BFTl'FFN 
lUO CONSFCDTIVF PFRIOPS. TIIF Of^DFR \U WMniM TMF PFRinp,S ARF FMTFfiFP IN 
A COnnAlU) UNF IS UNinPORTAfJT PUT THFIR f!AXIf!lifl fiUf^PPR SilOUI.P 
NOT FXCFFP FIGHT. TIIF RFSlll.TS FOR ALL TMF PFRIOPS SlfMLAlFP WILL HF 
PRINTFP IF 1IIFIR SPFC I F I CAT I OM IS COflPLFTFLY Ofll ITFP FflRfl IMF COfUiANP. 

(P)IUNT (STAT)ISTICS - FOFi PRirniNO STATISTICS FOR RFSIPUALS OF 
RFCURSIvr ANP SlflllLTAfiFODS VARIAPl.FS. (This command is not implemented for this 
♦* (S)lf!tJLArF - U) RFSTART TMF S I f lULAT I f)N . vers ion of SOLAMI ) 

(ST)OP - TO STOP ANP RFIUIM TMF SifUlLATION FOR TIIF SAMF OR SOflF OlMFR 
SMSA. 

STATUS - FOR PRIfJTiMn TMF NUMPFR OF PFRIOPS SIfUJLATFP SO FAR AMP THE 
PRESFMT SIIUILATION fU)PF. 

♦ * (M)FLP - FOR OI'>TAiMI!in A LIST OF SFLFOTlvp. PR! NT 1 110 COf^.f^ANPS. 

♦ * (ft)TS - TO RFTMIUJ TO f'JS WITHOUT SMSI^FMPINn IMIS PROORAfl. TO RFIMRN 

BACK rRf)n fas to this puoni^AM tvpf \u - rfstart. 

♦ ♦ (R)FRUII - SAMF AS STOP FOR THIS PART OF TMF PROGRAM.. 

♦ ♦ (T)FRniNATF - FOR TFRMINATINO THIS SFSSIOfJ. 

** ENTFR COr.flANPS 



? print nxplanntlon (This command is entered to obtain a short explanation 

of SOLAMI) 

** THF SIMPLATION OF LAliOR flAilKFT I flFORMAT I Ofl (SOLAMI) MOPFL IS AN FCO- 
NOMRTRIC MOPFL, CONSTRUCTFP TO nifUILATF THF FVOLHTION OF CFRIAIN C(M I I - 
GAL ASPFCTS ()F A LOCAL LAIIOR M.ARKFT. THF OFOORAPHIC UNIT OF ANALYSIS IS 
THE STAMPARP f.FTROPOL I TAfi STATISTICAL ARFA (SflSA). THF M.OPFL IS THFfJ 
DFSinNFf) TO Pf^OVM)F PROJFCTIONS OF THF LFVflLS OF FMPLOYMFNT BY VAfMOlJS 
iripUSTRY nUOUPINOS ANP THF f)VFRALL llNFMPLOYMFNT RAlF FOfl THF SMSA Oil THF 
BASKS OF CFRTAIN ItiPUTS, CHIFFLY LFVFLS OF MATIONAL PFM.AtIP ANP NATIONAL 
PROPMCTION 
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** THH Foi.i.o\/iNn Ar>r. tiif. sni.ncTRn inminTniAi. cLAnniFicATioNr) for 

l/IIICII l/R CAM SlflULATF TIIF. MOnFI. 

Sir OR 

** !ljnur>TRIAL CLASSIFICATIONS ** OTIIFR COPFS 
♦ * MAniirACTDUINO INniJSTRIRr» ** 

ALL DllUAnLRS 01 

ALL MON-noilAIU.rS . 02 

FOOD AND KiriDurn PROnuCTS 20* 

PRIflARV PIRTAL INPliSTRIRS 33* 
FAr>RlCATR(^ nr.TAL PUdlHICTS RXCRPT ORONANCR, 

MACIIHiRfiY, AND TRANSPOflTAT I ON RaUti'l'RNT 3U* 

MACIIINRRY RXCRPT RLRCTRICAL 35* 

ELECTfclCAL f'ACIIINRUV, ROniP/irnT, AMD SUPPLIRS 36* 

lUAMSPORFAT ION R(llll PMRMT 37* 

** MOM nAMUFACTDRING IMOUSTRIRS 

niHinn and srrvicrs 03 

CONTRACT COMSTRIiCTlOfJ f)h 
TRANSPORTAri ON.COt'.IUIMi CATtOII.RI.nCTRIC.GAS, 

AND SANITARY SRRVICRS 05 

RRTAIL TRAOR OG 

FINAIiCr, IMSIIRAMCR.AMD RRAL RSTATR 07 

STATR AMD LOCAL nOVHRNfiriiT Ofi 

WHOLRSALR TRAOR SH* 

FRDRRAL OnvRRMMRMT HI* 

WMOLRSALR AMD RRTAIL TRADR 95 

FEDRRAL STATR AMD LOCAL nOVFRMMRfJT flR 

NOTR: *TIIRSR ARR SIC COPRS RASFD ON 1967 SIC flAMUAL. 
ALL OTHRRS AliR MOT. 

** FOR flORR DRTAILRD RXPLAMATIOM SRR TIIR SOLAfll flAMIIAL 

? p nitorll (The user has entered an illegal command by mistake) 

** ILLRGAL COflMAND. TRY AGAIN ** 
P NITRRIL 

?p nitor (niter = Number of ITERations for solution of simultaneous equations) 

** COMPUTATIONS FOfi S I f UILTANROUS RQUATIOfiS ARR ITRRATRD FOR A flAXIMlJft 
OF 50 TiriRS FOR ACIIIRVING A CONVHRGRMCR. 

** Tlin CONVRRGRNCR CRITRRION IS 0.010 ** 
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BEST COPY A.V.i; r'" 



? print Rvar (User wants to print some exogenous variables) 

• • niiTRR Tiff: nxonnrioDs vAUiAni.r lainRru and thh PFRionn for mncii its 

VALUnr, AUR 70 HK PRINrm. FOR irirORflATION TVPR - MRLP 

Tlir RXOOFMOlin VARIAHI.F rairUlFR AND IMF PFRIODn FOR UHirH IIS VAUIFS 
ARE TO HF PRiriTFO flllST OF FriTFRFD HI THF FORfl - VAnNOCP) YRQUl (D) YRQUS , 
WHFRR: 

VARNO » riurUJHR OF TUF VARIABLF U'MOSF VAI.UFS ARF TO RF PRIMTFD (1 TO 90, 
FORMAT 12), 

YRaUl = FIRST YFAfl Afin OUARTFR OF THF PFRIOPS START I NO UMinU TIfF VALUFS 
OF THF VARIABLF ARF TO HF PRiriTFP (FORflAT Fn.l), 

YRaiJ2 » LAST YFAR AtlO QUARTFR OF THF PFRIOPS UP TO WMiril THR VALUFS OF 
THF VARIABLF ARF TO BF PRIflTFO fFORHAl FG.l), 

(D) » OFLIfllTOR, A COfUIA (,) OR A DASH (-). 

•* YRQUl AND VRQIJ2 CAN BF ANY PERIOD FROM IPfif).! TO l^.TO.U, PROVIPFP 
DATA FOR THF PFRIOPS COVFRFD AfiF P.FAP; BUT YROvIl MUST BF A PFRIOD FARL- 
lER THAN OR THF SAME AS THE PERI()[) YR0H2. 

FOR EXAMPLE AW ENTRY LIKE - If. , lOfiB . 3 , infiF . a - WILL CAUSE THF VALUES OF 
VAfUABLE NIJ/niFIi ir> TO BE PRINTED \'0W\ innr»,3 TO lOnn.U. i;hFN YROUl AND 
YRaU2 ARE SAME THE VALIJE FOR OfM.Y ONE QUARTER WILL BE PRINTED. 

*• THF ENTRY - STOP - WILL RETURN CONTROL TO THE STATE WHERE FURTHER 
COMMANDS CAN BE HNTERED ** 

** ENTER THE EXOGENOUS VARIABLE NUflBER AMD THE PERIODS FOR WHICH ITS 
VALUES ARR TO BE PRIfJTRD. FOR INFORMATION TYPE - HELP 

(A blank line is interpreted here as incorrect entry. The program first looks 
for the correct delimitor) 
** INCORRECT ENTITY. THE DELIMITOR MUST BE A COMfIA (,) OR A DASH (-). 
TRY AOAIN ** 

?i5,inr)n.i,in7i.^ 

♦* INCORRECT PERIOD SPECIFICATION. EARLIEST AND LATEST PFRIOPS FOR l/fMCH 
EXOGENOL'S VARIABLES CAN BE PRINTED ARE I9r,7.2 AND 1070.1 , TRY AGAIN ** 



(The periods specification should conform simultaneously to the periods for which 
data exist in the file DT, the beginning year of simulation and the maximum lagged 
period in the model.) 
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? prfnt e\/f\r (the user wants to print some exogenous variables) 



♦ ♦ RNTHu Tiir r.xocr.uour^ vauiahlr uuiiFir.R amp inr PFRionji for uiiicii iir> 

VALUrS ARE 10 IIF. PRINTHf). FOR MIFORflATinN TYPF - HFI.P 
?ho 1 p 

♦* TfiF RxnoRNonn variari.f fiiifinFR AfiP Tf'F PFRionn FOR \;Mirn its vAi.ur.n 

ARE TO PRINTFO nur,T RF FUTFRFP IM THR FORM, - VARIIO ( P ) YRQl) 1 ( 0 ) YRQl)2 , 
WHERF: 

VARNO ^ riUMBFR OF TIIF VARIAHLF \;nor.F VALUES ARE TO BE PRINTEP {\ TO HH, 
FORfiAT i:^), 

YRQlil FIRST YEAR AfiP OlIARTER OF THE PFRIOPS STARTIMn IMMOH THE VALUES 
OF THE VARIARLE AflF TO RE PRIMTEP (FORf^Ar FF,!), 

YRai)2 « LAST YEAR AIlP ODARTER OF T!iE PERIOI^S UP TO liUICU TUE VALUES OF 
THE VARIARLE ARE TO [;E PfMllTEP ^FORMAT FT,!), 

(0) « DELIftlTOli, A C()fU)A (,) OR A PASH (-). 

♦* YIUlUl AUn VR(1U?. CAfi BE ANY RERIOP FROfl l"Gn,l TO 1^^0.^, PROVIPEP 
DATA FOR THE PERIOPS COVFRFI^ AflE liFAP; RUT YROUl fUlST llE A PERIOD EARL- 
IER TIIAfi OR THE SAME AS TflE PER I OP YfiOU2. 

FOR EXAMPLE AN ENTRY LIKE - If; , IH nr> . 3 , 19 E F , /i - WILL CAUSE THE VALUES OF 
VARIARLE NUCUFR ir> TO RE PRINTEP FORM inE;;.3 TO lOFFJ^. U'HEN YROUl AND 
YRQU?. AlUi SAME TflE VALUE FOR ONLY ONE QU'AfMER \;ILL RE PRINTED- 

** THE ENTRY - STOP - WILL RETURN CONTROL TO THE STATE WHERE FU'RTHER 
COfniANPS CAN RE ENTERED 

*^ ENTER THE EXOOEIiOUS VA^^IARLE fHJMRER AND THE PERIOf'S FOR \;}n CH IIS 
VALUES ARE TO RE PRINTED. FOR INFORMATION TYRE - HELP ** 

(a blank line is interpreted here as incorrect entry. The program first looks 
for the correct delimitor) 
** INCORRECT ENTRY. THE PELIMITOR MUST RE A COMflA (,) OR A DASH (-). 
TRY AOAIN ** 
715^100^,1, 1071.14 

** INCORRECT PERIOD SPECIFICATION. EARLIEST ANP LATEST PERIODS FOR WHICH 
FXOOENOUS VARIARLES CArJ RE PRINTED ARE .lOfi?.? AND 1070.1 . TRY AGAIN 

(The periods specification should confirm to the periods for which data exist In the 
file DT and simultaneously with the beginning year of simulation and the maximum lagged 
period in the model.) 
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? chnnno nitor 



RNinn A urM valor for thf mifinER or itfrations for \;Hirfi cohputations 

OF SnUJLTA.^JFOUS Fai)ATIONr> ARE TO HE CARRIED 01)1 TO ACHIEVE A CONVERGENCE 
IN ^3 FORflAT 
?050 (niter is set back to its original value) 

♦ * OLD VALUE OF THE NUnilER OF ITERATIOHS FOR WHICH COf 1PUTAT I OriS OF 
SnUJLTAHEOUS EQUATIONS ARE CARRIED OUT TO ACHIEVE A CONVEROENCE IS 7b 
AND ITS NEW VALUE IS 5 0 



? chcinno concrf (concri = CONvergence CRiterion for the solution of simultaneous 

equa t ions) 

*♦ ENTER A riEW VALUE FOR THE CONVERGENCE CRITERION HI Fn.3 FORMAT 
?0.05 

♦ ♦ OLD VALUE OF CONVERGENCE CRITERION IS 0.010 AND ITS NE\; VALUE IS 
0.050 



? c concri 

♦ ♦ ENTER A NE\; VALUE FOR THE CONVERGENCE CRITERION IN FB.3 FORflAT ** 
?0.01 

♦ ♦ OLD VALUE OF CONVERGENCE cnnfMlOU tS 0.D5D AWD J TS fSFA: VALUE IS 
0.010 

?c ovor 

ENTER THE EXOGENOUS VARIABLE NUMnER, THE PERIOD FOR \yHICff IT IS TO 
BE CHANGED AND ITS NEW VALUE. FOR INFOIUIATION TYPE - HELP ** 
?holp 

♦ ♦ THE EXOGENOUS VAinADLH NUMIJER^THE PERIOD FOR WHICH IT IS TO BE CHA- 
NGED AND ITS \mi VALUE lUlST BE ENTERED IN THE FORM - VARNO(n)YRnU(P)NVL^ 
WHERE: 

VARNO ^. NUMBER OF THE VARIABLE W'HOSE VALUE IS TO BE CHANGED (1 TO 
FORMAT \2), 

YRQU ^ YEAR AND OUARTEI>. OF THE PERIOD FOR WHICH VALUE OF TH^ VARIABLE 
IS TO BE CHANGED (FORflAT F6.?.). YROU CAN BE Afiv PERIOD BETl/EFM 
1960.1 AND Tn80.^^ PROVIDED DATA FOR TfiAl PARICULAR PERIOD llA^E 
BEEN READ. 

NVL « NEW VALUE OF THE VARIABLE. THIS VALUE MUST BE \/lTHIM ELEVEN COL- 
UMNS AND rnJST CONTAIN A DECIMAL POINT AND IF NECESSARY A SIGN 
ALSO. 

(D) = DELIMITOR^ A COflMA (,) OR A DASH (-). 

ENTER THE EXOGENOUS VARIABLE NUMBER, TflE PERIOD FOR I'HICH IT IS TO 
BE CHANGED AND ITS NE\/ VALUE. FOR INFORMATION TYPE - HELP *^ 
?05, 1060.2,^^.2 

♦ ♦ OLD VALUE OF VARIABLE NUflBER S FOR THE YEAR 10^0.2 fS lll.UOOO 
AND ITS NEW VALUE IS 08.2000 ** 

?05,inr)0.2,iii./j 

♦ * OLD VALUE OF VARIABLE NUMBER 5 FOR TffE YEAR inf)0.2 IS 98.2000 
AND I rS NEW VALUE IS lll./^OOO 

?St {No more exogenous variables to be changed) 



ERIC 



? ch«Tnr,o nitor 



** flHTFR A Ur.M VALIIF FOR Tflf! rPJflllFR OF irFRATIOflS FOR \,'H!CII COMPDTAl I Oh'S 

OF SlfUJLTANFOUJ; FaUATIOJIG AUE TO HE CAPJUFO OUT TO ACHIF.VF. A COIIVEUOFNCF. 
IN 13 FOfUlAT 
?050 (niter is set back to its original value) 

*♦ OLP VALIJF OF TUF MIJMIJKR OF ITFRATIONS FOR UIIICH COflPl'TAT I Ofin OF 
SIttULTANFOUS FQUAT I ONS ARF CAPRIFl) OUT TO ACHIFVE A COtlVFRGFNCC I 75 
AND ITS NFli VALUF IS 50 



? ch«nnno concrf (concri = convergence criterion for the solution of simultaneous 

equations) 

FMTFR A fIFU VALIJF FOf{ THE CONVFROFflCF CRITERION IN Ffi.3 FORfAl ** 

?0,05 

*♦ OIJ) VALUF OF CONVEROFNCF CiUTFRION IS 0.010 AND ITS NEW VALUE in 
0.050 



? c concri 

** ENTER A NEW VALUF FOR THE nOMVEROENOE CRITERION IN Ffi.3 FORtlAT 
?0.01 

** OLP VALUE OF CONVEROEflCE CfllTERiOfi IS 0.050 ANH ITS NEW VALUE IS 
0.010 
?c ovor 

** ENTER THE EXOOENOUS VARIABLE NUnRER, THE PERIOP FOR UHICII IT IS TO 
BE CHAMOEP AMI) ITS NEW VALUE. FOR I NFORf'.AT I ON TYPE - HELP ** 
?help 

** THE EXOGENOUS VAfMABLE NUrUJER^THE PERIOP FOR WHICH IT IS 10 RE CHA- 
NGEP AND ITS NEW VALUE fUlST RE ENTEREP IN THE FORM - VARNO( P )yRnU(p ) rP/L, 
WHERE: 

VARNO « NUriBFR OF THE VARIABLE WHOSE VALUE IS TO RE CHANOFP (1 TO nn^ 
FORMAT 12)^ 

YRQU = YEAR AND OUAiaER OF THE PERIOP FOR i;HICH VALUE OF THE VARIABLE 
IS TO BE CHANOFf) (FORMAT F6.1). YROU CAN RE Atl^ PFRIOF. BET1;FEM 
1960.1 ANP msO.U^ PROVIPEP PATA FOR THAT PARTCULAR PERIOP HAVE 
BEEN REAP. 

NVL = NEW VALUE OF THE VARIABLE. THIS VALUE MUST BE WITHIN ELEVEN COL- 
UMNS ANP MUST CONTAIfj A PFCIMAL POINT ANP IF NECESSARY A SIGN 
ALSO. 

(n) = PELIMITOR^ A COMMA (,) OR A PASH (-). 

** ENTER THE EXOGENOUS VARlAIiLE NUf^.BER^ THE PERIOP FOR CM II IS TO 
BE CHANGEP ANP ITS NEW VALUE. FOR INFORMATION TYPE - HELP 
705^1060. 2^08.2 

*♦ OLP VALUE OF VARIABLE NUMBER 5 FOR THE YEAR innn.2 IS lllJvOOO 
ANP ITS NEW VALUE IS 08.2000 ** 

?05,19f)n.2,lll./i 

♦* OLP VALUE OF VARIABLE fUriBER 5 FOR THE YEAR innn.2 IS 08.2000 
AND ITS NEW VALUE IS lil.nOOO 
?st (No nx>re exogenous variables to be\>hanged) 



ERLC 



? chnnr.'o rocurnlvn 

♦ ♦ FMirR TfiR RFciinr>iVF vaiuai'.lf: NiifT.rii, tuf prninp for \:MirH it to 

BE CHAfiOfin AfJD ITS UFM VALUE, FOR ! riro;>f:AT I ON TYRE - wr.ip *♦ 

?oo,inr)n.i.77.3 

^* irjCnnRECT FNTRY. TMF VARIABLF MUMBFR MUHT BR BHTI/FEM l ANP 2h. TRY 
AGAIN (There are only 2^ recursive variables defined in the present run - see 
?12,ini^0.2,11.2 Appendices I and II) 

♦ * INCORRECT PFRIOn G RFC I F I CAT I ON , PARI.IF5T ANP LATEST PFRIOPS FOR \;M!CII 
RECURSIVE VARIABLES CAN IJE CflANnED ARE inr.7.2 ANP 1070.1 . TRY AGAIN 

?12, 1063.2,56. 2 

OLO VALUE OF VARIABLE IIUriBER 12 FOR THE YEAfl 1068.2 IS 18^1.0700 
AND ITS irA' VALliE IS 56. 2000 ^* 

?12,106?».2, lSM.n7 

01. n VALUE'^F VAfUARLE NNflfJER 12 FOR THE YEAR 1060.2 fS 56.2000 
AND ITS NEW VALUE IS lP>M.n700 
?Stop (no more recursive variables to be changed) 



? chnnno svar 

♦ * ENTER TfiE S I fUJ LTANEOIIS VARIABLE NUMBER, THE PFRfOD FOR L'HICH If IS TO 
BE CHANGED AfiH ITS NEW VALUE. FOR I NFORftAT I ON TYPE - HELP 

?05,in6n.3,123.6 

** OI.P VALUE OF VAIMABLE NUMBER 5 FOR THE YEAR 1060.3 IS 826.0000 
AND ITS NEW VALUE IS 125.6000 
?05,in60.5,826.0 

** OLO VALUE or VAfllACLE flUMBER 5 FOR THE YEAR 1060*3 IS 123.6000 
AND ITS NEW VALUE IS /525.0000 
?Stop (No more s i mul noneous variables to be changed) 

? channf> constontG 

** ENTER NUMBER OF JWR CONSTANT TO BE CHANGEP ANP ITS NEW VALUE. FOR 
INFOP.MAflON TYPE - fiELP 
?holp 

♦ ♦ THE NUfM^ER OF THE CONSTANT TO BE CHANGEP AMP ITS NEW VALUE MUST RE 
ENTERED IN THE FORM - C(n)NVL, WHEIiE: 

C NUMBER OF THE CONSTANT TO BE CHANGEP (1 TO oon^ FORMAT 13). 

NVL fJEW VALUE OF THE COflSTAflT. TfllS VALUE MUST BE WITHIN ELEVEN COL- 

UM.NS AND MUST CONTAIN A PECIftAL POINT AflP IF NECESSARY A 

SIGN ALSO. 

(D) ^ A PELIMITOR, A COMM.A (,) OR A PASII(-). 

♦ * ENTER NUM.BrR OF THR CONSTANT TO BE CHAUaFP ANP ITS NEl.' ^'ALUE. FOR 
INFORMATIOfJ TYPl- - HELP 

?090^-23.0 

** INCORRECT ENTRY. NUflBER OF THE CONSTANT MUST BE BET\/EEN 1 AND 50. 
TRY AGAIN 



OLf VALCT: Of COMSTAfIT riCMHr.ii I H 1.0 Anr> If S M'£i; VALU?! 

IS £.000 't* 

Ol.r^ VA1.1JF OF C0l;3TAMT III.:';:: Rfl US 3, OHO Afjp ITC NRW VALUE 

IS 0.0 ^ 

70 top (No nrore constants lo be chcinged) 

? sinuloto (The sir^ulation rr.oJe - dynamic or quarterly - HiUbt also be defined) 

ILLEGAL COr.flArin. TRY AGAin 

SlfUILATE 
? slrujlnto dynnn iccilly 

** THIS r.OHEL CAN ''.E SIlMILATrn FOIl A TOTAL 0?^ 0 PRfMOPS. ^01) flAVF SO 
FAIl Sli'iL'LATEn 0 PTrUOPS (^-^^ paxi':^Lim nurfib'ir of Doricds that can be simulated 
dape.ids on the bcq inning period of i: i ;riu 1 a : i on and the last period of daca in the file) 
EflTKU Tf!E NLTii^EI? OF PHIliODn FOS^ Tlll.'^ SIfUiLATlOM f;l)ri IN I.? FORr.AT 

?12 

♦ * IfiCORRECT FfJTIlY. TRY AOAIfl 
?-2 

*« IMCORRlCT ENTRY. TRY AGAffl 
?02 



** Sir:liLArfOM FOR A TOTAL OF 2 PFRIOPn POriF. Ti'E nROfNNIK'O PFfUOP OF 
SIfUJLATIOM 13 mno.^ Afin the LAT.T PERIOO If) lf^B8.2 . YOU flAY PRini IHE 
RESULTS USIUO PROPER C0r.MAfjf)S 

** EfJTER SELECTIVE PRINTINO COf'r.AfinS. FOR IMFORMATlOri TYPE - HELP 

?hfilp 

** THE FOLLOl/IMO COf^nAMOS, will CI! ARE FOft SELECTM'E PRINT IMG OF RESL'LTS 
SMOULO HE USED ONLY AFTER THE JIODEL IS SlfHJLATPn FOR ATLEAoT Of.'E PE(MOi). 

** TflE PAREUniESl ZED LETTEU(H) CAN BE USED A5 AN AHDREVIATION OF IMF 
CORRESPOfiniNG \iCA\l\ 

(P)PJrit CR)ESULTS 1060.1 l^'GO.o lOnr^.h etc. - FOR PRIMTIfiO COMPLETE 
SfflUUTION RESULTS f-OP> TME PERlOf'S SPECIF!E[\ 

** (lOfMNT (S)Uf;f!ARY IPn'O.l 10^2. H 1071.3 ETC. - FOR PRIfJTINO ONLY A 
SUHMAI^Y OF SIMULATION RESULTS FOR THE PEIMOPS SPECIF! ED. 

** IN THE APOVE Tl.'O COf^lANPS THERE f'.UST HE ATLFAST OfiE RLAMK nEll/EEf! 
IIVO CONSECUTIVE PEUIOPS. THE OIM^ER IN l.'HCIII THE PERIODS ARE ENTEREP IN 
A COfU^Af.'iJ LINE IS UNIMPOP.TANT VMl THEIR MAXIMUM. NU'l'tHFR SHfUlLn 
NOT EXCEEP EIGHT. THE RESULTS FOR ALL THE PERiOPS SIMULAlEO WILL BE 
PRiNTED IF THEIR SPECIFICATION IS COM.PLETELY orUTTEP FORM THE COM-M-ANi^ 
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** (p)iMMr (STAT) inrics - roil ppjiitimg STATir,Tins Fon rf.simials or 

RRCIJKSIVR Ann SinilLTANrnus VAHIAfJLf^S. 

** (r>)ir*ULArf: - to nf.siAnj ifiR. vSifinLATi on. 

♦* (nT)op - TO r>TOP Ann urp.dm thr sifiuLATiori roR thr SAfiR or sonR oihfr 

SMSA. 

♦ * STATUS - FOR PRINTIIIG TMF NUfinRR OF PRRIOPS SIMULATRP SO FAR AND TllF 
PRESRNT SIMULATION nODF. 

** (H)RLP - FOR OBTAIfifNO A LIST OF SFLFCTf^/R PRINTING rOMftANPS. 

♦ (n)TS - TO RFTUIl!) TO MTS \M THOUT SUSPFIiniNn THIS PROGRAM. TO RRTURN 
BACK FROf. r.lS TO TIMS PROGI^vAM TYPF If! - RFSTART. 

** (R)FR!1N - SAflK AS STOP FOPx THIS PAP.T OF THE PROGRAM. 
(T)FRMINATF - FOR TRRMINATING THIS SFSSIOM. 

? status 

** THIS flOOFL CAN RF SIMULATFO FOR A TOTAL OF 9 PFRIOOS. YOU HAVF SO 
FAR SU1ULATF.0 2 PRRIODS. THR FIRST PERIOD IS 1968.1 AND THR LAST PERIOD 
IS infi8.2 ** 

** THIS IS A DYHAtUC SItUlLATlOH RUM 
? p rnsultr, .T085.1 inf^9.t\ 
** ILLEGAL SIM.DLATION YFAR-aUARTRR 1985.1 

** PRRIOn 1969. HAS NOT BERN SIMULATRP 



? print rosults infi8.2 

niMDLATIOM RESULTS FOR THE DETROIT 
SMSA FOR 1968.2 



♦ ♦V A II I A R L E E n P L 0 Y n E N T RESinUAL 

TYPE ♦NO.** ACTUAL ** PREniCTEO ** 



RECURSIVE 


1 


105. 


S70 


105. 


157 


0.U13 


RECURS 1 Vh 




105. 


600 


105. 


6 7^ 


0.016 


RECURS 1 Vh 


3 


708 . 


^30 


70 8. 


U26 


A ft A 1. 

0 . OOlj 


RECURS 1 VE 




58'k 


060 


58^. 


055 


0.005 


RECURS 1 VE 


5 


8Bin . 


617 


8610. 


50 ^ 


0.023 


RECUI>S 1 VR 


6 


1708. 


0 30 


1708. 


Oil 


. 010 


RECURS 1 VE 


7 


luin . 


700 


IMO. 


762 


0.028 


RECURS 1 VE 


8 


75n. 


hSO 


750. 


h 5 0 


-0.000 


RECURS \ VE 


n 


R33. 


050 


633. 


050 


-0. 000 


RECURS 1 VE 


10 


670 8 . 


20 7 


6 708. 


2 n 6 


0. 031 


RECURS 1 VE 


11 


U 3 8 5 . 


120 


U385. 


078 


0. 051 


KhCURS I VK 


12 


1 8 n 1 . 


n 1 n 

0 70 


1 8 'v 1 . 


n 


0. 03^* 


ivL UUlio 1 V c 


15 


n 1 c L ft 


C 1 ft 


o T c ti n 


ii ft 

'J :>}} 




RECURSIVE 


Ih 


38. 


273 


38. 


278 


-0.005 


RECURSIVE 


15 


66. 


7U3 


66. 


75 U 


-0.011 


RECURSIVE 


16 


03. 


086 


03. 


086 


0.000 


RECURSIVE 


17 


81. 


1U5 


81. 


285 


-O.IUO 


RECURSIVE 


18 


21. 


503 


21 . 


503 


0.000 


RECURSIVE 


10 


26. 


302 


26! 


302 


-0.000 


RECURSIVE 


20 


56. 


020 


56. 


020 


0.000 


RECUIUSI VE 


21 


hh. 


IIU 


hh. 


11^ 


0.000 


RECURSIVE 


22 


^3. 


325 


n3. 


326 


-0.001 


RECUfiSI VE 


23 


8. 


203 


8. 


203 


0. 000 


RECURSIVE 


2h 


16005. 


088 


16008. 


387 


-2.308 


SIfUJLTAMEOUS 


1 


5086. 


000 


^080, 


1^18 


105.582 


SinULTANEOlJS 


2 


805. 


ono 


800. 


^06 


-^^./^06 


SinULTAMEOnS 


3 


50^1. 


n no 


5870. 


82U 


101.176 


SIflULTAriEOnS 


h 


2815. 


000 


2700. 


777 


2^.223 


SinULTAflEOUS 


5 


758. 


000 


772. 


6^7 


-lU.6n7 


SIMULTAflEOIIS 


6 


2370. 


000 


2833. 


685 


U5.315 


SIMULTAriROnS 


7 


1051. 


000 


1050. 


ti68 


-8.'>68 


SlflULTAMEOUS 


8 


n22. 


000 


U12. 


60 H 


0.306 


SIfUJLIAriEODS 


0 


1615^. 


600 


15007. 


687 


157.012 


SinULTArJEOUS 


m 


1^575. 


066 


15235. 


5^7 


-860.^80 


SirVJLTANEOnS 


11 


3. 


870 


3. 


870 


0.0 


SIMULTAfiEOUS 


12 


16005. 


088 


158U8. 


80 5 


2U7,09^ 
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? slniJlnto (Simulation will proceed in dynamic mode as that was the original mode 
for th i b run) 

** Ttiis MornL CAN ninuLATr.p ro;: a total or 9 pFRinns. yov. iwf?, no 
FAR StniJLAI!:!) 2 PHnioiir, *^ 

♦ * FJnr.R THE NlJftl^flR OF PFUIOIKS FOR THIS SlfUILATIOM ni.'fl IN 12 FORMA! ** 

** SinilLATIOn FOR A TOTAL OF R PFHIODS POflF. Tf(F nFOIfJNIfjn PFRfOf) OF 
SIfUJLATIOM IS AfH) THT LAST PFRIOO IS inRn.:> . YOU M.A^ PRIHT HIP 

RESULTS IJSUir, PIlOi'FIl COnMAMOS 



?rorun (The user wants to start a fresh simulation run) 

** ALL CLEAR. YOU ARE NOW RFADY FOP. THE NF;^T SIHULAllOn RUM ** 
** ENTER THE SnSA CODE OR ITS NAr.F. FOP. INrORKATION TYPE - HELP 

?dt 

** DETROIT SIISA TO BE SlflULATEO. THE NFCESSAP.Y DATA \/ILL RE READ FROM 
THE FILE SA\;V;nT 

*♦ ENTER THE BEniNNlllO ANR OUART EP. OP SUUiLATlOM HI Ffi,l FORMAT, 

FOR INFORMATION TYPE - HELP 

?iq6r)Ji 

** THE r.EniNNINO YEAR AND QLiAPJER OF SIMULAIION IS lonn.U 

** ALL THE NECESSARY DATA HAVE F^EEN REAP IN FROM THE FILE SAl'VrPl ** 

** ENTER COMiMANnS 
? sFnulcTto qiinrtnr^y 

** THIS MOPEL CAN BE SlfUlLATEP FOR A TOTAL OF 2 PERIOPS. YOU HAVE SO 
FAR SIMULATED 0 PERIODS 

♦ ♦ ENTER THE NUMBER OF PERfODS FOf» fHIS SIfUJLATfON Rl/N Ifl 12 FORMA! 
?02 

** SIMULATION FOR A TOTAL OF 2 PERIODS DONE. THE BEOINNINn PERIOD OF 

SIMULATION IS lOnOJi AMD THE LAST PERIOD IS 1070. 1 , YOU MAY PR I N I THE 
RESULTS US I fin PROPEIJ COMMANDS ** 

** ENTER SELECTIVE PRfNTIfir, COflMANDS, FOR INFORfiATION TYPE * HELP 
? stntilS (Other selective printing commands can also be entered) 

** THIS MODEL CAN BE SIMULATED FOR A TOTAL OF 2 PERIODS. YOU HAVE SO 
FAR SIMULATED 2 PEIUODS. THE FIRST PERIOD IS infiHJf AND IHE LAS I PERIOD 
IS 1070.1 

** THIS IS A QUAiaKRLY SIMULATION RUN 

?tormln«TtO (The simulation will be terminated and control will return to MTS. If 
the user wants to simulate again he should start ail over again by entering the command 
END OF SESSION. THANK YOU ** $SOURC£ SAWViSOLAMi) 

#EXECUTION TERMINATED 
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APPENDIX D 



AN UNEMPLOYMENT INSURANCE MODEL 
Stephen !• Mars ton* 

4,0 Introduction 

The central and by far the most important support for unemployed 
workers in America is the unemployment insurance (UI) system. Established 
in 1935 UI paid out $2,2 billion in benefits to five million people in 
1969* This support is paid as a right of the insured worker; it does not 
require a humiliating demonstration of poverty. Neither does a jury sit 
in judgement of this compensation; only a routine administrative decision 
is usually necessary to secure payments. The fundamental decisions are 
left to economic forces: the ebb and flow of employment, the distribu- 
tion of employment among firms and individuals and the level of wages. 
These factors determine UI benefit pajnnents, on the one hand, and UI 
employer contributions, on the other. 

The objective of this model is to provide accurate forecasts of the 
levels of UI variables in Detroit, Michigan, Specifically three quantities 
will be projected for the Detroit standard metropolitan statistical area 
(SMS A) : 

1, The Total Cost of UI Benefits - The amount of compensation paid 
out during a future time period, 

2, Insured Unemplo3nnent - The number of individuals reporting a 
week of unemployment under the UI program, 

3, UI Benefit Exhaustions - The number of people who will receive 
their final UI payment and become ineligible for further 
compensation, 

* 

The research on this model was sponsored by the Manpower Administration, 
Office of Research and Development, United States Department of Labor, 
under contract 71-24-70-02 and 91-26-74-03. The views represented in 
this paper are the sole responsibility of the author and do not necessarily 
reflect the views of the Department of Labor, 
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4.0.1 State UI Policy Guidance 

Each of the above quantities is useful in forming state policies 
and laws in the UI area. UI benefit payments are drawn out of state 
funds contributed by employers for UI purposes. The fund must main- 
tain a positive balance, yet it must not be allowed to grow unneces- 
sarily large. In the long run optimal employer contribution rates 
should be designed to minimize the excess of employer contributions 
over UI payments, subject to the constraint that the fund must retain 
a positive balance at all times. These optimal employer contribution 
rates can only be calculated with reference to accurate long-^run pro- 
jections of future UI pa3nnents. Optimal employer contribution rates 
would minimize the economic distortion caused by compulsory employer 
contributions. In the long run optimal employer contribution rates 
should be one of the goals of state UI legislation. 

In the short run accumulated UI fund balances should be used as 
productively as possible. State UI fund balances are deposited with 
the U.S. Treasury where they earn a substantial return. The goal of 
monthr to-month state policy should be to requistion only the minimum 
funds from tha^ account necessary to meet future UI expenditures. Any 
larger requisition results in the wastage of earnings which would other- 
wise accrue in the U.S. Treasury account. Estimation of the minimum 
requisition requires a short-run projection of UI expenditures. Accurate 
projections could possibly save the states large sums annually in fore- 
gone earnings. Thus projections of UI benefit payments can help guide 
state planning-programming-budge ting in both the long run and the short 
run. 

The number of insured unemployed workers is equal to the number of 
continued UI claims made and will be an indicator of the activity to be 
expected in the Employment Security branch offices. It will also be 
useful to compare the insured unemployment with total unemployment to 
get a view of the adequacy of the UI system. Also useful in this view 
is the number of benefit exhaustions. When people exhaust their UI 
benefits they are forced to provide income for themselves in other ways. 
Hence they may become welfare burdens or require other expenditures of 
the state. 
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In addition to providing forecasts of the three useful quantities 
mentioned above, this model will provide answers to critical questions 
about the UI system itself, particularly regarding the costs and benefits 
of proposed alterations to the UI system. For example, if the Michigan 
State Legislature increases the maximum duration of UI benefits from 26 
to 39 weeks, what will be the increase in insured unemployment, the 
increase in the cost of UI payments, and the decrease in the number of 
benefit exhaustions? This question can be asked for any reasonable 
increase or decrease in the maximum duration of benefits, and the model 
will provide estimates of the number of insured unemployed, amount of 
payments and exhaustions that will result. 

Other types of questions which can be answered by this model are 
the effect upon insured unemployment, payments and exhaustions of 
increases in the industrial coverage of the Michigan UI system, altera- 
tions in the rules for making monetary determinations for new UI claimants, 
or changes in the average amount of payments. The model will simulate the 
proposed UI system and generate forecasts of these variables for the new 
system. The forecasts will be useful to lawmakers in estimating the 
costs of their proposals and in judging whether the UI system they propose 
will achieve the income security they seek, 

4.0.2 Manpower Issues 

The Insured Unemployment equation of this model focuses on the pro- 
cess by which insured unemployed workers find their way back to employment. 
In so doing it illuminates some issues relating to the duration of unem- 
ployment: Hov7 does an individual's chance of finding employment depend 
upon the length of time he has been unemployed? How does his chance of 
finding employment depend upon the "tightness" of the labor market? To 
what extent might an individual's chance of becoming employed be influenced 
by the payment of UI benefits? These issues are addressed and some hypo- 
theses are advanced. 

The method of dealing with these issues is a probabilistic time 
analysis introduced recently by economists studying "labor turnover" [19, 
28, 13]. Viewed from a methodological point this UI model is an appli- 
cation of labor turnover economics. 
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Labor turnover has received increasing attention among economists 
because of a desire to look beyond the stock nature of employment and 
unemployment and examine the important flows between employment, unem- 
ployment and leaving the labor force. It is, for instance, of critical 
importance whether a given level of unemployment consists of a large 
number of people who remain unemployed only briefly, or, alternatively, 
by fewer people who remain unemployed much longer. What data exist 
suggest that the United States is characterized by rapid labor turnover, 
rather than by a large, stagnant unemployment pool. It is also important 
whether the high unemployment of a particular socio-economic group is 
due 'o short job tenure or long unemployment duration. The appropriate 
remedy for unemployment will depend very much upon the answers to these 
questions . 

4.0.3 Current Development of the Model 

The model is currently in the form of final equations which have 
been tested successfully over the sample period for Detroit from 1966 
through 1971. The next step is to test the model for its predictive 
power beyond the sample period and run simulations to test alternative 

policies. This task is progressing under a doctoral grant from the 
Manpower Administration. 

While the model has been developed for Detroit, it is equally 
applicable to the entire state of Michigan. This would involve reesti- 
mating the equations using state data. The model should be thought of 
as a prototype for similar models which could be developed for other 
states or for other SMSAs. Since UI systems differ among the states, 
models for other states will differ from the one for Michigan, but will 
retain the same basic structure. This is, of course, the great advan- 
tage of state or SMSA-level UI models: their scope is no larger than 
the UI systems themselves. 

The model has not yet been linked up to other models such as the 
LMIS employment model. This would consist of specifying and estimating 
and equation to forecast layoff rates from the employment model. Some 
attention has been devoted to this goal, but incompatibilities between 




116 



the published data on employment and the published data on layoff rates 
have so far prevented realization. 

4.1 An Overview of the UI Model 



A. 1.1 Tlie Variables and Data 

Figure 5 lays out the provisions of the Michigan UI law in dia- 
gramatic form. The system is similar to that of the other states. A 
recently laid off worker who is covered by UI may make an initial claim 
and receive a determination of the number of weeks for which he is 
eligible to collect UI benefits. After a one week waiting period he is 
eligible for payments by making a continued claim each week. If the 
person is unemployed longer than his determination, he may receive 
extended benefits or become an exhaustee. During this process he may 
delay filing his initial claim, be disqualified, become employed or 
leave the labor force. 

This diagram is too detailed to be usod directly to generate an 
estimable UI model. Figure 6 has been drawn to simplify the UI system, 
leaving out administrative minutae and concentrating on the main flows. 

Each of the categories represented by a box in Figure 6 corres- 
ponds to a variable in the model. Each variable represents the number 
of people in that category. Each of the arrows represents a transition 
from one category to another and generally requires the passage of time. 
So the model can be viewed as a stochastic chain relating the number of 
people in each category inter temporally . 

This form of the model is desirable for three reasons: 

1) The Michigan UI laws and worker behavior determine the relations 
in an understandable way. 

2) The data available at Michigan Employment Security Commission 
(MESC) correspond to the categories it defines. 

3) It leads to a model v;hich is related closely enough to the UI 
laws that changes in those laws can be introduced and their 
effects deduced. 



See [36] p. 117 for a discussion of these incompatibilities, 

Er|c 117 
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4,1.2 An Overview of the Model 

The cost of UI benefits (B) is closely related to the number of 
insured unemployed workers (UI). This cost in dollars can be found by 
multiplying the number of weeks compensated (N) by the average amount 
of one payment. The number of weeks compensated is slightly less than 
the number of insured unemployed (allowance must be made for waiting 
weeks and disqualifications) and the average payment is primarily a 
function of recent wages • These simple relationships define two econo- 
metric equations, the first of which gives benefit costs as a function 
of the number of weeks compensated and the second of which gives the 
number of weeks compensated as a function of insured unemployment. 

The size of insured unemployment has long been considered a diffi- 
cult quantity to forecast and the forecasting problems that exist are 
more severe on the state or SMSA level than they are on the national 
level • One difficulty is that the SMSA unemployment rate may not be 
used as a driving variable to determine SMSA insured unemployment, 
although the national unemployment rate is used by the UI Service to 
predict the number of recipients of federal unemployment compensation 
programs. This is due to the origin of state unemployment data: on 
the state and SMSA levels, the number of total unemployed (and, thus, 

the unemployment rate) is calculated originally from the number of 

2 

insured unemployed [5], The Current Population Survey (CPS), which 
gives national unemployment rates, though available for metropolitan 
areas, is not commonly reported and used* This leaves the labor market 
analyst with an unemployment figure which has been derived from the 
insured unemployment figure and should not be used to re-calculate the 
insured unemployment figure. This would amount to calculating A from B 
and B from A without obtaining any net improvement in information. The 
state unemployment figures are quite useful generally, but not for direct 
use in a UI model. 

Even if an independent unemployment estimate were available (such 
as from the CPS) there would be problems with using it to predict insured 
unemployment. The insured unemployed are primarily "job losers". 



2 

The so-called "70-step procedure". 
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whereas total unemployment includes "job leavers*' and "new entrants and 
reentrants to the labor force." This is because new entrants to the 
labor force are not covered under existing Michigan Ul laws and job 
leavers must endure a substantial disqualification period before recei- 
ving benefits. Reentrants are mostly uncovered. The relative size of 
the four aggregates changes over the course of the business cycle, 
leading to an often observed phenomenon where the insured unemployment 
rate rises relative to the unemployment rate in the beginning of an 
economic dovmturn and reverses itself during the upswing [12]. 

The LMIS predictions, therefore, are based upon the layoff rates 
from the Job Openings and Labor Turnover Sample (JOLTS). Two equations 
are used: (1) The first equation predicts the number of initial UI 
claims from the number of layoffs. The difference between the two 
results from layoffs in non-covered industries and laid-off workers who 
delay filing or do not file for UI . (2) The second equation predicts 
the number of insured unemployed from the number of initial claims. This 
is done by using a system of "continuation rates" (analogous to survival 
rates in population models) to predict the number of people receiving UI 
from the number who made initial claims in previous months. The two 
equations work together to predict insured unemployment from layoffs. 

A final equation predicts benefit exhaustions (EX) from initial 
claims using a similar "continuation rate" method to predict the number 
of initial claimants from previous months who are still unemployed at 
the end of their maximum benefit duration. 

4.1.3 List of Variables and Equations 

This model includes six primary variables and two secondary vari- 
ables. The primary variables influence each other directly, while the 
secondary variables influence the operation of the model indirectly by 
modifying the relationships among the primary variables. 

1) Primary Variables 

A. Layoffs (L) 

B. Initial Claims (I) 

C. Insured Unemployment (lU) 

D. Exhaustions (EX) 

E. Number of Weeks Compensated (N) 

O 
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1) Primary Variables (cont.) 

F. Amount of Benefit Payments (B) 

2) Secondary Variables 

A. . Unemployment Rate (u) 

B. Rate of Accessions in Manufacturing (A.) 

Three of these variables are exogenous to the system; layoffs, the 
unemployment rate and the rate of accessions in manufacturing. Each of 
the other five variables has an equation to forecast it. Minor variables 
are defined for temporary purposes in situations where they are required. 
The letters a and b are used repeatedly to represent equation parameters. 

There are five equations in the model, each relating two primary 
variables to each other. The equations are named according to the name 
of the dependent variable of the equation. 

3) Equations 

A. Initial Claim 

B. Insured Unemployment 

C. Exhaustions 

D. Number of Weeks Compensated 

E. Amount of Benefit Payments 

The insured unemployment equation and the exhaustions equation are 
similar in that they both use a non-stationary Markov specification and 
a non-linear method of estimation. These similarities make it convenient 
to treat them together in Sections 4.3 and 4.4. The initial claims, num- 
ber of weeks compensated and b'^efit payments equations are similar in 
that they are all specified in a more traditional linear regression 
framework. This appears in Section 4.5. 

4 . 2 Two Non-Linear, Non-Stationary Markov Processes: Insured Unemploy- 
ment, Exhaustions 

4.2.1 Definition of Insured Unemployment 

Continued claims are filed by covered unemployed workers who have 
previously filed an initial claim and are returning to collect UI bene- 
fits in subsequent weeks. The number of continued claims during a time 
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period is defined as insured unemployment. Initial claims in previous 
periods generate continued claims in the current period and continued 
claims, in turn, generate UI benefit payments (also in the current 
period) . Thus the number of continued claims during a time period forms 
a very useful intermediate variable between initial claims and UI pay- 
ments . 

4.2.2 Determinants of Insured Unemployment 

Insured Unemplo3^ent during any month or week will be a function 

of: 

1) The number of initial claims in previous periods. (As recently 
as the previous week and as far back as 26 weeks earlier.) The higher 
the number of initial claims in previous periods the higher the number 
of people who can potentially make continued claims in the current 
period. 

2) The "tightness" of the labor market. The more workers who 
are able to find jobs during previous periods, the fewer of them who 
will require UI in the current period and will make a continued claim 
to apply for it. The present model summarizes the unemployed worker *s 
ability fo find work during any period in the "continuation rate": the 
probability of remaining unemployed during the current period. This is 
equal to unity minus the probability of finding employment or dropping 
out of the labor force. 

The probability of finding employment for a particular cohort of 
people is postulated to be a function of (a) how long the cohort has 
been unemployed already and (b) the demand for labor sources. Hyman 
Kaitz [19^] has shown that the longer a person has been unemployed the 
less likely he is to find a job by the end of the current period. The 



In administrative data continued claims are allocated to the week in 
which they were filed. However they cover insured unemployment of 
the preceding week. Hence there is an accounting problem in adjusting 
the timing of claims to that of insured unemplo)^ent . Also, in some 
jurisdictions there may be bi-weekly claims taking, which requires 
further adjustment. See Appendix D-6 for data transformation to 
eliminate both problems. 
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higher is labor demand the more likely a particular individual is to 
be hired. 

3) The potential duration of payments assigned to UI applicants 
in previous periods. The longer the potential duration given, the 
longer the time during which applicants will be eligible for UI and the 
more initial claimants will still be making continued claims during the 
current period, because people who made initial claims in earlier time 
periods will still be eligible to make continued claims. This will mean 
that longer potential durations will result in more continued claims 
during the current period. 

4.2.3 Graphical Presentation 

These simple relations lead to a very interesting time dependence. 
Before trying to grapple with it mathematically it is useful to study 
a simple picture of the process. 

Suppose (in Figure 7) people file initial claims in week t^; 
1^ 26 them are eligible for 26 weeks of benefits and 20 ~ "^1 ~ "^1 26 
are eligible for 20 weeks. As time passes the number of continued claim- 
ants declines until week t^ when EX^ people who were only eligible for 20 
weeks exhaust these benefits. After this week only the people who were 
eligible for 26 weeks of payments survive and decline in number. Simi- 
larly for the I2 people filing initial claims in week t^* At a particular 
week t^ the number of continuing claimants is equal to the number of claim- 
ants remaining from 25 plus the number of claimants remaining from 
This means the graphs may be added vertically to calculate the total 
number of continued claims in any period. 

The slope of the curved lines changes as the continuation rate 
changes. The slope of these lines expresses how many of the UI 
claimants "survive" into the next period. If the continuation rate is 
one the curve will be horizontal and the slope will be zero, depicting 
the situation where no one is leaving the UI system to accept employ- 
ment, and continued claims are constant between time periods. Conversely, 
if every UI claimant returned to work during one week the curve would 
decline almost vertically and the slope would become very negative. In 
all cases the slope will be between these two extremes and will always 
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Figure 7 Insured Unemployment 
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be negative • The prtsent model allows this slope to change in every 
period depending upon tue length of time since initial claim (for example 
t^- t^, for the group which entered in period t^, assuming t^ is the 
current period) and the level of labor demand. For any particular period, 
say t^, the slope will differ for the group which entered in t^ as com- 
pared with the slope for the group which entered in because aggregate 
labor demand is the same (since we are looking at a single time period) 
and the length of time since initial claii/ is different. The first 
group will always have a "flatter" (less negative) slope at t^ because 
its members have been unemployed longer and therefore are less likely 
to find a job during the current period. 

4.2.4 Definitions ' 
Let 

X , = the number of people making a continued claim in week t, 
t,p, k. 

who filed their initial claims in week p and who are 
eligible for k weeks of payments (k = potential duration 
of benefits) . 

I , = the number of people receiving first payments in week p 
p ,K 

and eligible for k weeks of benefits. 
lU^j^ = the number of people making a continued claim in week t 

and who are eligible for k weeks of payments. 

lU^ = the number of people filing continued claims in week t; 

lU^ = ^lU^^ = Insured unemployment in week t. 
k 

Consider X . , the number of people making a continued claim 
t , t 1 , K. 

in week t, who filed their initial claim i weeks previous to t and who 
are eligible for k weeks of payments. Compare this number of people 
with 1 . the number of people in the same cohort of insured 
unemployed (same initial claim data and same duration), but counted in 
the previous week, t-1, rather than t. During the time between week 
t-1 and week t some of the UI claimants of week t-1 will find jobs, leave 
the labor force or be disqualified and therefore will not make a claim in 
week t. However, it is not possible for any new claimants to enter in 
week t; this is because we are restricting our view to a single cohort 
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who entered in week t-i. Therefore X , . , will necessarily be greater 

t-1, t-i,k ^ ^ 

than or equal to X . , . 

^ t,t-i,k 

Let us define a continuation rate, r, which will be the fraction of 
UI claimants from a particular cohort who "survive" into the next week. 
Then 

^t.t-i,k=^Vi,t-i,k (61) 

0 £ r £ 1. 

r will certainly not be a constant. It may be different in different 
weeks t, for different lengths of time i since initial claim, or for 
different durations k. For complete generality, then, 

^,t-i.k = %.i.k^t-i,t-i,k (62) 

where the subscripts on r indicate indices which may be relevent to the 
value of r. Similarly, for the previous week, 

^t-l,t-i,k = ^-l,i,k^t-2,t-i,k 
Substituting (63) into (62), 

^t,t-i,k " ''t,i,k''t-l,i,k^t-2,t-i,k ^^^^ 
Continuing this process for i substitutions 

X. 



Now 



^t,t-i.k=(jo V..i,k) Vi,t-i,k (65) 



It-i,k = Vi,t-i,k (66) 



because the number of people making continued claims in week t-i and 
entering in period t-i is equal to the number of people filing initial 
claims in period t-i. Define 
i-1 

\ik = ^ ^-m,i,k (67) 
in=o 

b^^j^ can be interpreted as the probability of remaining unemployed 
for i weeks, since it is the product of the probabilities of remaining 
unemployed during each of the i intervening weeks. 
Substituting (66) and (67) into (65), 

^t.t-i,k = ^ik\-i,k (68) 
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lU^^ is equal to the sum of continued claims in period t over all 
cohorts: 



or 



i=0 

This equation has a simple interpretation for insured unemployed 
workers with potential duration of k weeks, b ^, is the fraction of 
such workers unemployed in week t after i weeks of unemployment. Simi- 
larly ^^j^i^^^.j^ 1^ the number of such workers still unemployed in week t 
after making initial claims in week t-i. Equation (70) merely states 
that the number of insured unemployed workers can be calculated by adding 
up the numbers of workers still unemployed from all previous weeks t-i 
which are recent enough that the workers will not have exhausted their 
benefits. 

4.2.5 Aggregating Over Potential Duration of Benefits, k 

LMIS does not presently have data for Detroit on lU^^ or I^^; that 
is, observations on insured unemployment and initial claims broken down 
by potential duration (k) . Instead it has only the respective sums 
K K 

t k=l ^ k=l 

where K = maximum potential duration. We have, however some 

disaggregate data on initial claims for all of Michigan. Therefore 

the Detroit model must be aggregated over potential duration, k. 

K K k-1 

lU^ = Z lU , = Z Z X ^ , (72) 



k=l 



tk 



k=l i=0 



Rearranging the summations, 
K— 1 K 

i=0 k=i+l ^'^ 
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Substituting for X from (68) 

t, t— 1 , K 

K K 

lU^ = Z Z b , , (74) 

i=o k=i+i 

A.ssuming the continuation rates do not depend upon k 
K-1 K 

lU, = Z b^. I I, . 1 (75) 

^ i=o k=i+i 

This equation tells us that the proper independent variables for 

K 

explaining lU are E I ^ u ^^•''*"her than the variables of the existing 
^ k=i+l ^"^^ 

data set, which are I . = Z I . , • We will be using all of the 

t-i t-x,k 

initial claims (summing over all k) whereas we should use only those 
initial claims which begin a UI payment schedule long enough to extend 
pa)^ent into the current period (summing from i+1 to K) • This misspeci- 
fication of the equation will cause bias in the coefficients and lower 
the predictive power of the regression, A new factor must be introduced 
to resolve the contradiction. 

Let be the fraction of initial claimants assigned a potential 
duration of k weeks. 

Then \^ = X^1^^ (76) 



K 



K 

where 6, = Z Xu is the fraction of initial claimants receiving a 
^ k=i+l ^ 

determination of more than i weeks. In other words 6^ is the fraction 
of initial claimants who will not have exhausted their pajnrients i weeks 
after their initial claim. 

Analysis of disaggregate data for all of Michigan suggests 
0, k<ll 

(78) 



^k = 



a, llik<26 
B, k=26 
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where a .037 and g ^ 0.44, 
This implies 

6. - 



^(l, i<10 ) (79) 

^ |l^(i-ll)a, 10<is26) 



Then 



1=0 

Equation (80) is very similar to equation (70), except that (80) 
applies to all insured unemployed workers and (70) applies only to 
insured unemployed workers with a determination of k weeks. The inter- 
pretation is also similar: workers file initial claims in week 

t-i, i weeks later b I . workers are still unemployed • Only a 

tl t-i 

fraction 6^ of these are still insured; the others have exhausted their 

benefits. This leaves 6. b . I . workers who are both unemployed and 

1 tl t-i 

insured. The total of insured unemployed workt^rs is found by adding up 
all of the insured unemployed workers having filed initial claims during 
each of the previous 26 weeks. 



Verbal explanation: The shortest potential duration is 10 1/2 weeks 
(ten full payments and a half payment in the eleventh week). This 
potential duration is assigned to people who have worked 14 weeks in 
the year preceding their layoff* The maximum potential duration is 
26 weeks and is assigned to people who have worked 35 or more weeks 
in the year preceding their layoff. An eye-ball scan of the Michigan 
data suggests that approximately an equal number of UI initial claim- 
ants are assigned potential durations falling within each of the 
weekly intervals between 11 and 25 weeks* Call the fraction of ini- 
tial claimants assigned a potential duration within that interval a 
for each such week. A significantly larger fraction, nearly half, 
of the initial claimants receive a maximum potential duration (26 
weeks). Call this fraction 6. Since all of these fractions must 
sum to the whole, 

15 a + 6 = 1. 

P is estimated as the mean fraction of initial claimants receiving 
maximum potential durations over a two year sample and a is calculated 
from the fraction above. 

A slightly better model would make a and 3 random variables, but 
would require the missing data. 



4,2,6 Specification of the Continuation Rates 

^ti conditional probability that a person will remain 

unemployed in week t given that the person has been unemployed i-1 
weeks. The conditional probability of leaving unemployment is q^^ = 
1 - r^^. If we are referring to a cohort of people, r^^ and q^^ are 
the corresponding fractions of the cohort not finding employment and 
finding employment, respectively. 

What can be said a priori about the functional form of the equation 
determing ^^^"^ 

A. Kaitz [19] has shown that r^,^^ is a rising function of i, indicat- 
ting the probability o^ remaining unemployed rises, and the probability of 
becoming employed during the current week falls, as the period of one's 
unemployment increases. 

This trend may be due to either or both of two reasons: 
1) Individual explanations: The longer a worker has been unem- 
ployed the more his human capital depreciates, the less he searches for 
a job and the less attractive he is to employers. Therefore the longer 
he is unemployed the less likely he is to find a job during the current 
week, 

A worker may search less vigorously for a job because he becomes 
discouraged aoout the chances of finding employment after weeks of 
trying,^ He may become less attractive to employers after many weeks 
of unemployment because prospective employers perceive his unemployment 
as evidence of his lack of ability. Furthermore the unemployed worker 
may explore the most promising job opportunities soon after his layoff 
and, failing to find employment in any of these first-choice job oppor- 
tunities, he will be forced to consider progressively less encouraging 
firms. These later-searched firms will be less likely to hire the 
worker and may be less numerous as well, leading to a diminished prob- 
ability of finding a job in the later weeks of his unemployment spell. 

The above factors serve to make r^^ an increasing function of i, 
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This is similar to the "discouraged worker" effect, except that the 
worker does not leave the labor force, he only fails to search as 
energetically as he did previously. 
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but there are a few additional factors which have the opposite effect: 
A worker may search more vigorously for a job after a long period of 
unemployment because of a decline in his personal wealth due to his 
reduced income.^ Also the experience of failure to find a job may induce 
a decline in the aspiration level of the worker, both in terms of the 
wage and in terms of working conditions the worker is seeking in his next 
job. If the worker's minimum demands fall as his spell of unemployment 
grows longer he might be willing to accept a poor job that he would not 
otherwise considered, raising his chances of finding some job in later 
time periods. 

2) Aggregation bias: Workers with high employability leave the 
pool of the unemployed soonest, leaving behind the less attractive 
workers, who have a smaller probability of finding a job. Therefore 
the longer a group has been unemployed the fewer easily employable 
workers it contains and the smaller the fraction of the group who will 
become employed during the current week. 

For the purpose of this forecasting model it is unnecessary to statis- 
tically identify the above factors. It is only required that an aggregate 

g 

contour of r^^ for all insured unemployed workers be specified. Here we 
may be guided by the assumption that continuation rates rise as unemploy- 
ment lengthens at least during the first few months of unemployment. This 
is supported by empirical evidence [19, 28] and the preponderance of 
a^ priori reasons. 

B. The r^_^ may fall for the initial few weeks after layoff. This 
would indicate an increasing likelihood of finding employment during 



This factor may be modified by UI itself: Every person studied here 
is receiving income in the form of UI payments. 

Charles Holt has made this the key factor in his search theory [16]. 

For the purpose of studying the hiring process and the job search 
behavior of unemployed workers it is desirable to evaluate the rela- 
tive importance of the above factors. It is possible to achieve this 
goal with the present model by fitting it to data disaggregated into 
homogenous subgroups. The results of such disaggregations will be 
reported later. 
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the first few weeks of unemployment as the worker overcomes his initial 
inertia and begins to search effectively for a job. The continuation 
rates reported by Kaitz display such an effect [19]. 

C. The continuation rates must be a function of a variable which 
expresses the excess of supply over demand for labor during the current 
period. This variable will be referred to as E^, It may be the SMSA 
unemployment rate, or the SMSA rate of accessions in manufacturing, or 
some other variable. 

Two specifications have proven successful in some applications: 

0<a,<l 
^3 V ^ 
= ^1 V ^ ^ ^ (81) 

0<a3 

a^<0 



a^i a^i 

^i = ^ ^ V ^ V ^t ^ (82) 

0<a^<l 

a2<0 

a3<0 

0<a^ if is unemployment 
rate 

is assumed to have zero mean and constant variance and be seri- 
ally uncorr elated. The a's are parameters. 

Specification (81) has been used in cases where weekly observations 
are available. It does not include the variable E^ because that variable 
is only available monthly. Specification (81) leads to a stationary dis- 
tributed lag model in the sense that the distributed lag coefficients 

b^. I = n r^ . I are not functions of time. Figure 8 diagrams 



a^ a,i 

^2 ' 



( \ -3 
E = 1 - a^ - a^ i e (the conditional probability of finding 

employment) . 



The conditional probability of finding employment during the cur- 
rent week given an unemployment spell of i weeks. 
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E (q .) rises in the range of low i due to the dominance of the term a 

a i 

(a^ positives). Eventually the damping influence of e 4 (a^ negative) 
forces the curve to reach a peak (at i = |a^/a^|) then decline exponen- 
tially to the asymptote 1-a^. This means that no matter how long an 
individual has been unemployed he still has a probability of of 
finding employment. 

Specification (82) has been used in cases where monthly data are 
employed. It does not include a rising portion in the curve E (q^^) 
because the monthly time intervals are too long to pick up any effect 
so transitory. It does allow the continuation rates to change with 
time by including a term involving an interaction between E^ and i, 
allowing the influence of E^ to damp out or increase as i increases. 

4.2.7 The Insured Unemployment Equation as an Extension of a Markov Process 

The present model can be thought of as being derived from the class 
of models known as Markov chains. 
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A Markov chain is characterized by various "states" and the matrix 
of probabilities of transitions between these states. An individual 
must be in one of these states at any one time. In the **simple" Markov 
chain the process obeys three assumptions: 

1) Stationarity. The individuals' transition probabilities are 
constant through time. 

2) Markovian assumption. The transition probabilities depend 
only upon the current state of the individual and not upon his 
history of previous states. 

2) Homogeneity of the population. The various members of the 

population are assumed to have the same transition probabilities. 
This assumption allows the model to identify the transition 
probabilities of the entire population with the transition prob- 
abilities of each individual in the population. 
In this context the present Ul process can be represented by a 
cohort of individuals who make an initial claim for UI in week t-i and 
make continued claims for UI for i-1 weeks. In week t they have three 
"destination states": 

State"^^ Probability 

1) Make another UI claim r . - e . 

ti ti 

2) Find employment 1 - r^_j^ 

3) Exhaust payments without finding e^^ 
employment 

Since we are looking at the entire cohort of individuals who make 

initial claims in week t-i this cohort will contain within it various 

"determinations" and some fraction of the individuals in it, e^., will 
11 

exhaust benefits. The individuals will make another UI claim if they 
fail to find employment but do not exhaust pa3nnents. Therefore the 



The discussion of assumptions borrows from McFarland [22]. 

Another possible destination state would be for the individual to 
leave the labor force. However UI recipients are paid substantially 
not to do so, or at least not to admit doing so. Therefore UI data 
can not be used to study this state. 

The value of e . is calculated in Appendix D-1. 
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fraction of the cohort remaining in this state is r^^ - e^^. The prob- 
ability of finding einplo3nnent is unity minus the probability of not 
finding employment. 

The above three probabilities form the first column of the Markov 
transition matrix: 

Origin 
State 





1 


2 


3 


Destination 








State I 




0 


0 






0 


0 


3 


e . 
ti 


0 


0 



, i = 1,..., 26 (83) 



The first column of probabilities sums to one as required. The 
other six probabilities are either impossible or can not occur In the 
present data set. 

The above matrix represents an extension of the simple Markov 
transition matrix. First consider the dependence of the probabilites 
upon the variable i. This may be considered a relaxation of either 
assumption (1) or assumption (3) above or both. If non-s tationarity is 
allowed we may assume the chances of an individual making a particular 
transition depend upon how long he has been unemployed. This corresponds 
to explanation (1) on page 131. If heterogeneity is allowed we may assume 
constant, but different transition matrices for each individual. Expla- 
nation (2) on page 131 assumes the r^^ are different for different 
individuals. The e^ must be unequal across individuals (heterogeneity) 
since in general UI claimants have different determinations and will 
exhaust their benefits after different numbers of weeks of payments. 
This heterogeneity will lead to an expected population transition matrix 
in which the transition probabilities are functions of i (McFarland [22]). 

It is possible to distinguish between non-stationarity and heter-- 
ogeneity of the transition matrix by partitioning the population into 
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homogeneous subsets. The transition probabilities of the population 
subsets can then be compared to determine whether signigicant differences 
have been discovered. A test for dependence of the transition probabi- 
lities upon i can also be performed at the disaggregate level to test 
for non-stationarity of the i-dependent type. It is probable that both 
heterogeneity and non-stationarity of the above types exist. 

The dependence of P^^ upon t allows further non-stationarity of 
the transition matrix. The necessity of this extension follows from 
the effects of changing economic conditions upon a worker's chances of 
finding employment. Stationary Markov chains are capable of making 
predictions in such an environment only a few periods ahead, an unsatis- 
factory result for this project. The non-stationary chain describes the 
UI claimant as subject to continuously changing transition probabilities 
and should remain accurate over a much longer range of time than a 
stationary model would, 

4.2.8 Differences in Data 



A substantial difference between this and other Markov estimations 
is not theoretical but relates only to the type of data available. In 
usual Markov estimations, observations exist before and after a 1-step 
transition so that the transition probabilities can be easily estimated. 
In the present case the observations are available only after a series 
of i transitions have been completed. In a simple Markov chain the 
i-step transition matrix would be merely the i-th power of the 1-step 
transition matrix. In this case each of the i transition matrices 
between an initial claim and a continued claim i weeks later are dif- 
ferent, and so the i-step transition matrix is the product of the 
intervening transition matrices. 

i 

P. .(i) = n ^ . ^ (84) 

ti ^ t-m,i-m 

m=0 

where P|-j^(i) ~ i-step transition matrix for individuals starting in 
week t-i. 

This new transition matrix can be applied to a vector of the number 
of individuals in each of the three "origin*' states to determine their 
numbers after the i-week period. 
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where X^^ = column vector of numbers of people in defined states 

in time t after i transitions. 
Furthermore the data that exist are aggregate data, net subdivided 
by the length of stay in a particular state. For such data 

K K 

X = Z X = E P (i) X (86) 
^ i-0 i=0 

The model derived earlier is merely a single scalar equation of 
this matrix equation, the equation for the state "make UI claim". This 
identity if shown in Appendix D-2. Note that the other two scalar equa- 
tions would predict the number of individuals in the "emplo3mDient" and 
"exhaustion" states. These equations will be estimated later. 



4.2.9 Exhaustions 

Exhaustees are workers who have received their last UI pa3nnent and 
are no longer eligible for UI, but are still unemployed. If a worker 
is laid off and makes an initial claim he is given a "determination", 
a fixed number of weeks for which he will be elibible for benefits. 
The determination can not exceed 26 weeks and may be as short as 11 
weeks, depending upon how long he was at his previous job. Over the 
last six years an average of 44% of initial claimants received the maxi- 
mum duration of 26 weeks. 

Suppose the worker makes his initial claim in week t and is given 
a determination of k weeks. He will receive his first payment in 
week t+1 and his final payment in week t+k. If he is still unemployed 
thereafter he becomes an exhaustee. The data on exhaustions reported 
by MESC branches is a count of the number of final payments made during 
each month. 

4.2.10 Benefit Exhaustions Equation 

The benefit exhaustions equation is very similar to the insured 
unemployinent equation because exhaustees must have been insured unem- 
ployed workers in the weeks previous to the current week. The only 
difference between an insured unemployed worker and an exhaustee is 
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that the exhaustee has come to the end of his maximum duration of pay- 
ments • The number of exhaustions can be expressed as the number of 
workers who have remained unemployed i weeks and who also have a deter- 
mination of i weeks (k=i) . Writing this out in an equation, 

^\i = Xi(b,,I,.,). (87) 

The expression in parentheses represents the number of workers making 
initial claims in week t-i who are still unemployed in week t. The 
number of people exhausting benefits in week t will be only the fraction 
of this group with a determination of i weeks. So the number of benefit 
exhaustions arising from initial claims made i weeks earlier is found by 
multiplying the parenthesized expression by (see page 129) • The total 
number of exhaustions is the above number summed over all previous weeks: 
K 

EX = Z Xi b I (88) 
i=0 

This is the exhaustions equation. The only difference between the 
exhaustions equation and the insured unemployment equation (80) is that 
the weights of the summation in the former case are (x^^K the fraction 
of initial claimants with a determination of exactly i weeks rather 
than {6_j^}, the fraction of initial claimants with determinations of i 
weeks or greater. The difference reflects the fact that we are now 
interested in the number of people who do exhaust benefits in the cur- 
rent week, rather than those who have not yet exhausted their benefits 
in the current week. 

The continuation rates, which again determine b according to 
equation (67), are specified and estimated in the same way as they are 
for the insured unemployment equation, 

4,2,11 Estimation of the Insured Unemployment and Exhaustions Parameters 
Three equations constitute the continued claims model: 
K 

1. lU^ = Z I (80) 

i 

2. b^ = n r^ . (67) 

ti ^ t-m,i-m ^ 
m=0 
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3. r^i=r^^+e^ (89) 

where r = E(r^^) follows one of the specifications on page 133. 
Let 

_ i _ 

\i= " '^t-in,i-m (90) 
in=0 



then 
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^^t = Jo ^ "t 

where is a random term whose form and properties are derived in 
Appendix Equation (91) is of the form 

= ^(^l,....^;\,..., V26/t,..., W \ (^2) 
where the function lU is non-linear in the parameters a, A non-linear 
least-squares method of estimation has been chosen to estimate the 
parameters. The method minimizes the error mean square 
n 

= -~ E [lU - IU(a;E,I)]^ (93) 
P t=l 

by means of stepwise Gauss-Newton iterations. It will converge to 
consistent estimates of the parameters under the assumptions of fixed 
independent variables and zero expectations of the error term U^. 
Appendix D-3 shows that the error term has zero expectation, but is 
autocorrelated to the K-th degree. Appendix D-4 shows how the non- 
linear least squares method can be used to estimate the residual 
autocorrelation parameters simultaneously with the structural para- 
meters. Using this method a new disturbance term is minimized which 
Is not autocorrelated. The result is an improvement in the efficiency 
of the estimation, 

4,3 Empirical Results for the Insured Unemployment and Exhaustions 
Equa tions 

4,3,1 Use of Monthly Data 

In order to use monthly data to estimate the lU exhaustions equa- 
tions, which have been specified in weekly terms, the model must be 
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summed over the 4*3 weeks which comprise a month. In this process it 
is desirable to retain the current definition of the continuation rate 
as the probability of remaining unemployed another week given an unem- 
ployment spell of i weeks , This can be accomplished subject to the 
necessary assumption that continuation rates be constant during a single 
month • The details of this process are given in Appendix D-5. 

Monthly data permits specifications of the continuation rates which 
allow the continuation rates to rise and fall with changes in the tight- 
ness of the labor market. The tightness of the labor market is expressed 
in the labor market indicator E^, Several quantities were tried as E^, 
and tested according to their ability to explain continuation rates, 

4 • 3 • 2 Comparison of Specifications of the Continuation Rates 

A comparison of the resulting estimations appears in Table 8. Sta- 
tistics to the left of the double line are calculated from the insured 
unemployment equation (80) and statistics to the right of the double 
line are from the exhaustions equation (88), Both of these equations 
require specification of the continuation rates; different specifica- 
tions of these rates are listed vertically down the page. All of the 
specifications have the same functional form (82), but different 
assumptions are made about the parameters (a.) and about the variable 

Specifications 1 and 2 do not use any of the variables and 
are calculated for comparison purposes. The first requires the con- 
tinuation rates to be constant and the second allows them to vary only 
with the duration of unemployment. Estimation 1 calculates the con- 
tinuation rates at ,79 and ,86 respectively for the lU and exhaustions 
equations. Both of these estimates should be taken as averages over 
the 26 weeks of insured unemployment, with more weight given in the 
exhaustions equation to the later weeks of unemployment. Since later 
continuation rates are higher, the estimated rates are higher for the 
exhaustions equation, 

ITie more realistic specification 2 improves the explanatory power 
of the two equations and adds some information about the behavior of 
continuation rates. The negative signs of a2 and a^ indicate that 
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TABLE 8: ESTIMATIONS OF THE INSURED UNEMPLOYMENT AND EXHAUSTIONS EQUATIONS 

a i 

Functional Form For Continuation Rates: r. . = a- + a^e 4- a, e + a^D^ 

ui J. / 4 tot 



D ata; January, 1966 through December, 1971 





Insured 

Equation: Unemployment 




Exhaustions 


No. 


St> 0 r» ■? ■F't p i3 t" T r>Ti Q r> 'F 

^ C U XJ. XVi.'CX U XV^ilO \J J. 

Continuation Rates 


Mean 

OU LiCt L Cvl 

Error 
(10)^ 


R-SQR 


Parameters 




Mean 
Error 


R-SQR 


Parameters 


1 


Continuation rates 
constant 

(a =a =a =a =a =0) 
^ 2 3 4 5 6 


25.5 


.633 


a = .79 
^ (.0076) 




1024. 


.379 


a = .87 
^ (.0029) 


2 


Continuation rates 
rise with the 
duration of 
unemployment 


18.4 


.735 


a,= -.96 
^ (.039) 

a - -.036 
(.0053) 




977. 


.407 


a = -.81 
(.039) 

a„= -.0068 
(.004) 


3 


Rates change with 


9.10 


.867 


a = .014 
(.017) 




443. 


. 727 


a,= .014 
(.014) 


4 


= A (a =0) 

t t D 


10.1 


.855 


a," -,0086 
^ (.007) 




398. 


.754 


a,= -.018 
(.005) 


5 




5.84 


.916 


a = -.024 
(.012) 




280. 


.827 


a = -.018 
(.011) 


6 


Same with auto 

layoff dummy (a^O) 
6 


4.72 


.933 






284. 


.828 




7 


E^ = (A -%Qj/u^ 

t t t t 


4.91 


.929 


a = -.047 
(.030) 




240. 


.854 


a = -.015 
(.012) 


8 


E = %REH /u 
t t t 


7.14 


.897 


a = -.14 
(.13) 




255. 


.845 


a = -.16 
(.097) 


9 

1 


= A /u auto- 
t t t 

correlated error 


2.89 


.963 






195. 


.896 




10* 


autocorr elated 
error 


3.08 


.961 






195. 


.896 





*Selected as final estimation 
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continuation rates rise, but at a declining rate as the duration of 
unemployment rises. This is in agreement with the discussion of page 
134. These two estimations produce some confidence in the method, but 

neither specification explains enough of the variance to be acceptable 

... 12 
for projection purposes. 

The Detroit SMSA unemployment rate is most often used as the indi- 
cator of labor market tightness, and so it is tried here to explain con- 
tinuation rates. The introduction of the unemployment rate substantially 
improves both equations, and the positive sign on a^ implies, as expected, 
that continuation rates rise during periods of high unemployment. The 
MSE of each equation is reduced by more than half and the predictive power 
of the equation is much improved. This result lends substantial justifi- 
cation to the use of non-stationary continuation rates. 

Tlie unemployment rate can be criticized as being too inclusive to 
accurately reflect the probability of finding employment. The unemploy- 
ment rate is a stock variable produced by two distinct labor turnover 

flows: losing a job to enter unemployment and finding a job to leave 
13 

unemployment. Only the latter transition determines continuation rates, 

and the frequency of this transition is measured in the SMSA rate of 

accessions. Specification 4 uses the rate of accessions to drive the 
14 

continuation rates , giving an improvement in the exhaustions equation. 



12 



13 
14 



Specification 2 is about ar, good as simple linear approaches to the 

K 

estimation. A linear regression of the form lU = Z b. T . + e 

i=o ^ 

(b^'s are constants) allows a more complex time dependence than 

Specification 2, but still assumej; stationary continuation rates. 
Such a linear re^respion is found to predict better than Specification 
2 but not nearly as well as Specification 3. 

As well as transitions into and out of the labor force. 

Since the Labor Turnover Sample, which provides the data on accessions, 
is sparse in the non-manufacturing industries, only the manufacturing 
accessions can be used. 



ERIC 



143 



but a slight deterioration in the lU equation. 



The negative sign of 



a^ indicates that continuation rates rise when accession rates fall, 
as expected. The estimation does not provide a clear-cut decision as 
to whether the unemployment rate or the accessions rate should be the 
preferred driving variable, but confirms that both variables explain 
some variance. 

A closer look at the labor market suggests than an interaction 

between the two variables can explain more variance than either of them 

separately. Consider the probability that a particular individual in 

a pool of NU homogeneous unemployed workers will find employment. If 

NA workers are hired from the pool, the individual's chance of being 

among them is NA/NU. This ratio will equal one minus the individual's 

continuation rate and will represent an average continuation rate in 

a heterogenous labor pool. It expresses accessions as a fraction of 

the number of unemployed workers. If we create an interaction 

variable equal to the ratio of the accession rate to the unemployment 

16 

rate (A/u), this variable will be approximately equal to NA/NU and 
can be used as a powerful driving variable for the continuation rates. 
Line 5 shows that the new interaction variable is a substantially better 
predictor than is either A or u. The MSE in predicting both insured 
unemployment and exhaustions falls by almost half and the R-SQR's rise 
by 5 to 10 percent. The negative sign of a^ indicates that continuation 
rates rise as the new variable falls, as expected. 

Specification 7 introduces a special effect in July due to the 
annual auto layoffs. The workers unemployed by these layoffs are nearly 



The deterioration of the lU equation may be due to the method of 
calculating the unemployment rate. Since the unemployment rate is 
calculated from insured unemployment, there is a definitional link 
between u and lU, which does not exist between A and lU (page 120). 



NA= number of accession, NU= number of unemployed, u= unemployment 
rate, NE= employment, NL= labor force. The second term will be 
negligible, about l/20th the size of the first term, because NE is 
at least an order of magnitude greater than NU. 




ERIC 



144 



certain to be rehired within a month and so do not search for other 
work. It is also possible that they may not be employed long enough 
to collect benefits, even though they make an initial claim. These 
charaoteristics separate auto layoff workers from other unemployed 
workers and so a dummy variable has been defined to represent them. 
The dummy variable has a value of one in July for the cohort of people 
in their first month of unemployment, and zero otherwise. The speci- 
fication improves the lU equation enough to justify its continued use. 

Some accessions merely count people who quit one job to accept 
another without passing through unemployment and without receiving UI. 
Thus accession might rise during a period of high job turnover merely 
because quits have risen, without the insured unemployed gaining any 
better chance to find a job. Specification 7 and 8 represent two attempts 
to quantify this effect so as to better predict the employment prospects 
for the insured unemployed. Specification 7 is the same as specifica- 
tion 6 except that instead of accessions in the numerator of the driving 
variable it substitutes accessions minus quits, the number of accessions 
not accounted for by simultaneous quits. The success of this specifi- 
cation depends upon the majority of quitting workers being "job changers" 
rather than entrants to the unemployment pool. Otherwise their accession 
to a job should be counted. The empirical results do not clearly indi- 
cate whether this specification is an improvement over specification 6, 
since it improves the exhaustions equation but detracts from the lU 
equation. Because only a substantial improvement would justify intro- 
ducing the new turnover variable, quits, the specification was dropped. 

Specification 8 limits our view of accessions to only "rehires", 
workers hired after a temporary layoff from the same firm."^^ This quan- 
tity will exclude job changers, but will also exclude unemployed people 
who find new jobs. The empirical result is ambiguous and the specifi- 
cation was dropped. The error introduced by the phenomenon of job 
changers is therefore left as a random factor, fortunately a small one. 

Line 9 uses specification 6 for the continuation rates, but 



Accession = New hires + rehires. Rehires are reported monthly by 
the Job Openings and Labor Turnover Sample. 
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estimates the model assuming an autocorrelated error term to improve 
the efficiency of the estimation (Appendix D -4) . The autocorrelated 
specification results in a substantial improvement in the mean squared 
error of both equations. Furthermore almost all of the 6 autocorrela- 
tion coefficients are significant, in the sense that the coefficients 
are substantially more than their standard errors. Thus the £ priori 
specification of the error process is confirmed and the over-all 
equation is improved in predictive ability. 

Only a minor difficulty remains in that the estimated value of 
a^ is very slightly greater than 1. Since a^ is the asymptotic value 
of the continuation rate, it makes no sense for a^ to be greater than 
1.0. Furthermore the difference between a^ and 1.0 is not significant. 
It was decided therefore to impose the restriction that a^ be less than 
or equal to 1.0. The restriction of course increases the mean squared 
error of the equations, but the increase is so slight that the con- 
straint must be considered entirely compatible with the data. This is 
especially true for the exhaustions equation, where the mean squared 
error increases only about .01%. 

The above recapitulation describes the non-linear estimation 
process employed for thei insured unemployment and exhaustions equations. 
It is not quite as simple as the familiar linear estimation process, yet 
the same guide is used: minimize the mean squared error of the equations 
subject to a^ priori knowledge of the statistical processes. The final 
results are two equations which can be expected to predict well and 
correspond with our view of the reemployment process. 

4.3.3 Predictive Ability of the Equations During the Sample Period 

Table 9 and Figures 10 and 11 compare the observed and predicted 
values of the final insured unemployment equation and exhaustions equa- 
tion respectively, over the sample period. In both cases tha equations 
predict values very close to the actual values, and in neither case do 
the equations reveal systematic error. These figures give further evi- 
dence of the predictive power of the final equations* 
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TABLE 9 



COMPARISON OF PREDICTED VALUES WITH ACTUAL 
VALUES FOR INSURED UNEMPLOYMENT 
AND EXHAUSTIONS 



Year 


Mon th 

1 IV^il Li Li 


Insured Unemployment 


Exhaustions 






Actual 


Predicted 


Actual 


Predicted 


1 ft /- -7 






1 S3 3^>: 


1-^93 


1 r * 4 






1 !^ 2 3 : 


17467- 


13 08 


1187 








-^^—097 


n7^ 


187 3 




5 


i: 59 


1 1 6 1 ' 


1895 


2M2 




/: 
D 






1532 


2^87 




7 




1 n 


1 ^32 


1741 




8 




17'' 122 


1675 


15 ■ 8 




9 


7 37" 


5 6 


119R 


1 r 9 9 




10 




S 1 ^-^^ 1 


1175 


1^n 




11 




U 5 3 2 2 


1 325 


1 236 




12 


' n 




vai 


1 ?27 


1968 


1 


K 8" Ua 




1392 


1 36 9 




Z 


9-^'3U9 


U 7 9/4 2 


1 3 96 


125o 




3 


V • a 8 


3 2a2 


ia93 


1281 




4 




7^ *:^31 


1682 


1 aaf 




c 

5 


7Sf^2 9 


72 21.^*' 


128a 


1 5 5 3 




6 




72 C^^'" 


1202 


^ C 89 




"7 

1 


13 2n 


1 ^ -.2 5 ^7 


12 97 


r: 22 




Q 
O 




I255ri7 


1196 


^16 7 




9 


1 39a 


77^95 


1 1 73 


95*7 






59' 77 


a 9 6 3 7 


1 56 


1 229 




11 


6C^>?U 


6 2a:5.: 


9 92 


1:84 




J. ^ 






9C'2 


752 


1969 


1 




7a P^a 


inai 


7 ' 1 




2 




Be27b 


11^5 


eR7 




3 




C) 17UB 


1 1 aa 


1 - 55 




4 


85^37 


9f '"3f^ 


1498 


1 r R7 




5 


7C -^5 


IS B 1 3 


1327 


15-.7 




6 


7 69 1^ 


^.5a72 


123a 


1 ia7 




7 


163^58 


179 a3a 


1 095 


1233 




8 


1 1 -^6^0 


^322^ 


1249 


676 




9 


^.57 6^ 




1181 


74 7 




10 




a^ asa 


933 


1 249 




11 


♦^33 ^^7 


f . 5 ^ 5 a 


1135 


HU8 




12 


^7Q2 3 


77 3 


11 58 


pa 2 
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TABLE 9 



COMPARISON OF PREDICTED VALUES WITH ACTUAL 
VALUES FOR INSURED UNEMPLOYMENT 
AfiD EXHAUSTIONS (CONT.) 



Insured Unemployment 


1 Exhaustions 


Actual 


rreaictea 




Predic ted 




1 77 


1 1 9S 


^ • 2b 


2' a 5 9') 


-J - f 


1 52'^ 


1 2 1 '4 




7 '-i*^"f J*' ^ 


166 3 


17^>7 


11 


2 1 U ii 


2 3 7 


-> .' 


1 7 r, 


1 q ^ f . 


2U 3a 


-} ^ 


1 S }4 7 1 


1 7 q 1 r 7 


2 ? ■; 


^1 r r; 


111 1 7 




2U33 


2 7 


2 i" 3 5 1 9 


7U 1 177 


2 383 


2 ^ H 




" ? 1 ^^4^7 


2 547 


2 ' ^. ^ 




? 1 ' 7 


2 3 91 


?. 7 


2 ^ 1 1 " 


2/") 7.^1 


3 ^24 


"^"18 


2 "^oSSR 


3 1 0 2 ^ 1 


3331 


3^- ^ 1 




31 v3':^U 


3826 


^ 7 




2 7.3 3^" 


ai65 


37 2 3 


li.. 7£i ^f; 


2 ^ .'i - S 


U 2 2 


5 2''' H 




2 H 2 f 3 


u 365 


4U 1 8 


<:.'^ ni42 


: 3:^u^ 2 


USUI 


u2^'5 


2 ^ C 2 1 9 


1 9>:p7-^ 


U2 3^3 


4 u B 7 


2- 97^.0 




3 5-)<^3 


4 '27 


2 311 


2 2^" 3 


4- 12 


3 ' 1 U 


i^n4?2 


1 9 " u 1 u 


3 U 1 3 


3i q2 


I'^S^ 72 


17; r H 


^452 


3 '-^ 6 


^ 6 ? 


1 7 > 3 2 


3960 


41^1 


2 1 U n 


1 9'-* ^^'7 

I, 


4641 


3744 

1 
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4.3.4 Estimated Continuation Rates 

Table 10 lists the parameters estimated from the final lU equation 
and the final exhaustions equation, together with their standard errors. 
Table 11 presents the continuation rates calculated by substitution of 
the estimated parameters into the functional form (82) of the continu- 
ation rates. The rates are arranged with different rows corresponding 
to different durations of unemployment and different columns corres«~ 
ponding to different labor demands. 

Figures 12 and 13 diagram the continuation rates estimated from 
the lU equations. The diagrams have been arranged so that the horizontal 
axis is the duration of unemployment and different contours represent 
differing labor demands. The lowest contour pictures continuation rates 
in a tight labor market, the middle contour, in an average labor market 
and the highest contour, in a loose labor market. The demand for new 
workers is quantified in the variable (=A/u): an "average" labor 
market occurs when is equal to its mean value and a "tight" or "loose" 
labor market occurs when E^ is a standard deviation above or below its 
mean value. 

4.3.5 Implications of the Estimated Continuation Rates: 

The following observations can be made about the estimated continu- 
ation rates. 

1) The estimated continuation rates are in the interval [0, 1] 
as is required by their interpretation as a probability. 

2) For a given unemployment duration, a lower continuation rate 
always accompanies a higher labor demand, and vice versa. This lends 
further credence to the definition of continuation rates as the prob- 
ability of remaining unemployed. 

3) Continuation rates rise with duration for the entire 26 weeks 
of unemployment insurance payments, indicating that the longer an 
unemployed worker remains unemployed the less chance he has of finding 
employment during a succeeding time interval. This result is in agree- 
ment with both a priori reasoning and empirical results from other 
studies (p. 131). The effect is most clearly visible in rates from the 
lU equation, which have narrower confidence intervals, but is also 
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TABLE 10 



PARAMETERS FROM FINAL EQUATIONS 



Insured Unemplovment 


Exhaustions 






Standard 
Error 




Standard 
Error 


1 


1.0 


0. 


1.0 


0. 

—4 


2 


-.425 


.113 


-.135 


.0428 i 


3 


-.226 


.0735 


-.0276 


.0278 I 


4 


-.0989 


.0529 


-.0581 


.0742 


5 


-.0822 


.0913 


-.0434 


.122 


6 


-.0639 


.0599 


-.348 


.108 



IMilSIDUAL AUTOCORRELATION PARAMETERS 



Insured Unemployment 


Exhaustions 




d. 

1 


Standard 
Error 


'^i 


Standard 
Error 


1 


.559 


.156 


.667 


.162 


2 


.279 


.174 


.280 


.195 


3 


.048 


.172 


.022 


.197 


4 


-.237 


.161 


-.432 


.207 


5 


.029 


.157 


-.107 


.190 


6 


-.127 


.142 


.134 


.193 
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TABLE 11 



CONTINUATION RATES ESTIMATED FROM 
INSURED UNEMPLOYMENT EQUATION 



Labor Demand : 


Low 


Average 


High 


Weeks of 


• 


Standard 




Standard 




Standard 


Unemp loymen t 


Rate 


Error 


Rate 


Error 


Rate 


Error 


o 
Z 


. 69 3 


.'.27 


.r,a8 


. "^27 


. 6 •■■ 3 


. CBS 




. 79 7 




.7-9 


. -^1 a 


.721 


. 0 2 1 


0 


. Sh 'i 


."19 


.8 32 


. "^I 8 


. 8 ' ■: 


. 019 


8 


. ? : 


r, o 1^ 


.■f'.R 1 


. '>17 


.053 


. /19 


10 


.9 37 


."17 


. 9 1 .3 


. . 1 6 


. 3 9^ 


.0 22 


12 


. 9St) 


.'"•13 


. oir, 


. "^17 


.916 


. ^26 


14 


. 96 3 


.Ml 


.9^.2 


. - 1 8 


. "35 


. 


16 


. 977 


. ■■ ) 9 


.96 3 


. C 2 


. 9U 9 


. )33 


18 


. 98 3 


. " :•■ 9 


. 971 


.■'"2 1 


. 959 


.034 


20 


. -^87 




."77 


. :'?1 


. 967 


.035 


22 


. 9 ? " 


. 


. '^81 


. 02 1 


.973 


. C 34 


24 


. 99 ? 


. '~ ? 9 






. 97 7 


. "33 


26 


. 99a 


. 8 


. '«!-'7 


. '3 } 


.98 1 


. ?32 



CONTINUATION RATES ESTIMATED 
FROM EXHAUSTIONS EQUATION 



Labor Demand: 


Low 


Average 


High 


Weeks of 




Standard 




Standard 




Standard 


Unemployment 


Rate - 


Error 


Rate 


Error 


Rate 


Error 


2 


. 84 9 




.P7j 


. ■;. u 


.792 


. "68 


4 


. 857 


. '" 9 


. 8.? 1 




. to 5 


. ^4 7 


6 


. 86 


.■■^13 


. P4? 




.818 


. '^29 


8 


. 87 3 


. C " 7 


. S^^2 


. ''tf 9 


.S3' 


."15 


10 


. 88 1 


. ' " 




. :c a 


. 84 1 


. "08 


12 


. 88 8 


. <- ■ 5 


, RG ^1 


. 0 ^1 


.351 


. c 13 


14 


. 894 


. r "'H 


. ^'77 


. : 1 J 


.86 : 


.021 


16 


. 9"^ ■ 


.'11 


. ?H5 


. } 1 


.86 9 


. ' 28 


18 


. 9 J 6 


. -> r y 


.892 


? 9 


.878 


. •'. 34 


20 


.911 


. "1 7 


.898 


. 0 2 5 


.885 


.0 38 


22 


.916 


. ."• 2 'j 




. 02 8 


.893 


. '■>U2 


24 


. 921 


.-22 


.91.) 


. -3 ) 


.399 


.3 45 


26 


.9 2-3 


.■:24 

1 


• 9^^ 


,332 


.9-6 


.0 47 
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Figure 12 Continuation Rates Estimated From 
Insured Unemployment Equation 




Figure 13 Continuation Rates Estimated 
From Exhaustions Equation 




apparent in the rates from the exhaustions equation. 

This should be considered one of the dominant features of job 
search. It is useful to think of the unemployed as being ordered in 
a queue, rather than being an amorphous "pool" or a "reserve army". 
The queue is ordered with the most employable workers at its head and 
its least employable workers at its tail. The empirical finding of 
rising continuation rates means that the longer a vorker has been 
unemployed the further back in the queue he is likely to be found. 

4) All three continuation rate curves are asymptotic to the values of 
one. A continuation rate of one corresponds to a certainty of remaining 
unemployed during the next week. A worker's chance of getting a job 
never declines to that low a level; however it tends to that extreme as 

the duration of unemployment becomes very long. A worker who has already 
been unemployed for many weeks has very little chance of getting a job 
dviring the next week, though his chance never actually falls to zero. 
For example an insured worker who has been unemployed 25 weeks has only 
about 1% chance of becoming employed during his 26th week of unemploy- 
ment. 

5) One surprising result of the estimation is the tight curvature 
of the continuation rate graphs. The curves are steeply sloped during 
the first eight weeks of unemployment, but flatten out for longer dura- 
tions. During the first eight weeks of unemployment the continuation 
rate (for average labor demand) rises .31 (from .57 to .38), but during 
the next eight weeks it rises only 0.08 (to 0.96). Of course any curve 
of the exponential form used will have a decreasing slope, but the rate 
of this decline is entirely determined by the data and must be consi- 
dered an empirical result. 

The abrupt decline in re-employment rates can also be seen in the 
numbers b^^ defined in equation (67). These numbers are the fraction 
of workers still unemployed in week t after i weeks of unemployment. 
Assuming "average" labor demand, b^^ declines from 1.0 at i=0 to .10 
at i==8, and to 0.05 at i-26. This means that 90% of the workers laid 
off get jobs during the first eight weeks of unemployment, but of the 
remaining 10% of the laid-off workers only half of them get jobs during 
the entire 18 remaining in the maximum UI benefit period. This makes 
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clear that the workers remaining unemployed after eight weeks experience 
a particularly difficult time finding a job as compared to the majority 
of workers laid off. 

The most likely explanation of this phenomenon is in terms of a 
heterogeneous labor market. Most insured unemployed workers undergo 
a short spell of unemployment, 90% of them leaving the UI roles within 
eight weeks of their initial claim. Some of these short-term unemployed 
workers may even be on relatively fixed layoff, being fairly certain of 
recall by an auto manufacturer. The low continuation rate in the short 
durations reflects these workers' high probability of returning to work. 

After the short-term unemployed workers have regained employment a 
small group of difficult to employ workers remain unemployed. The high 
continuation rates after eight weeks reflect their small chance of finding 
employment. The existence of such groups means only that continuation 
rates will rise; in order for the continuation rates to rise as rapidly 
as they do in the early weeks it is necessary that these groups be very 
distinct ai^d that they have substantially different rates of re-employment. 
The empirical finding that continuation rates rise rapidly during the short 
unemployment durations is most likely evidence for a markedly heteroge- 
neous unemployed labor force, where the heterogeneity implies markedly 
different rates of re-employment. 

It is implausible that the steep rise of the continuation rates can 
be explained alternatively by rapid deterioration of an individual's 
chances of re-employment. The individual factors which may explain an 
increase in continuation rates (described on p. 131) can not be expected 
to operate so quickly as to produce drastic changes in a worker's employ- 
ability within a few weeks. For example a worker's real or perceived 
human capital can not be expected to depreciate rapidly during two or 
three weeks of unemployment. Nor is it likely that the worker slows 
his job search substantially during the first few weeks of unemployment. 

In summary, the finding that continuation rates rise rapidly during 
the first few weeks of unemployment implies a substantial inequality 
within the unemployed labor force in terms of different workers' ability 
to find a job. This is not to deny the possiblity of declining indivi- 
dual re-employment rates, but only that whatever individual effects occur 
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are swamped by the aggregation effects. 



4.4 Three Linear Equations; Initial Claims, Number of Weeks Compensated 
and Amount of Benefits 

4.4.1 Initial Claims Equation 

A. covered worker will usually file an initial claim for UI within 

the week immediately following his layoff. However, the worker may 

19 

delay filing for a few weeks or may never file for UI benefits. Thus, 
the number of initial cliams in the current week will be a function of 
the number of layoffs in the current and a few previous weeks. 

Special studies done in Indiana [1] and Ohio [6] show that most 
covered workers file for UI within two or three weeks of being laid off. 
This means there will be initial claims arising from layoffs in both the 
current and previoucs months, since a worker laid off near the end of the 
previous month may make an initial claim in the current month. But only 
an insignificant number of initial claims will arise from layoffs more 
than one month before the current month. Expressing his dependence in 
a distributed lag, 

where I^ = initial claims in month t 
and = layoffs in month t. 

The numbers a^ and a^ are the (marginal) fractions of covered laid~off 



18 



19 



In fact individual re-employment rates may rise (due to declining 
aspirations). Aggregate re-employment rates would still fall. 

Technically the worker may delay filing as long as he wants, 
subject only to the requirement that he have sufficient "credit 
weeks" (weeks of covered employment) during the year preceding his 
initial claim. He could delay filing up to 38 weeks and still have 
the minimum 14 credit weeks during the previous year. Thus, the 
legal restrictions on delaying filing are very loose and will rarely 
penalize the worker for delay. See Michigan Employment Security 
Act, 1970. 
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workers who file for UI. These fractions can not be considered con- 
20 

stants since they represent the outcome of the workers' economic 
decisions as to when and whether they will file for UI. 

The decisions may not be entirely rational, but they will reflect 
some balance between the costs and benefits of UI: 

1) The cost of filing: the trouble of becoming informed about 
the UI system, the transaction costs of collecting benefits, 
and the psychological discomfort of being publicly supported. 

2) The benefits of filing: the total amount of weekly UI pay- 
ments over the expected duration of uneraployment. This will 
be larger, the longer the worker expects to be unemployed. 

The costs of filing will remain roughly constant over time, but the 

expected benefits will change with the tightness of the labor market 

and, hence, with economic indicators of the demand for labor. Thus, 

the fractions a- and a can be taken to be functions of economic 
21 

indicators. Choosing linear functions and defining as the rele- 
vant economic indicator, 

= bQ + b^E^ (95) 

and ^2 " ^2 ^3^t-l' ^^^^ 

Substituting (95) into (94) , 



4.4.2 Empirical Results^ 

Two indicators were used as the variable E^ and each was found 
to have an independent influence over the decision to file for UI. 
The variables are the same as the ones used in the insured unemployment 
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Variation in the fraction of laid-off workers filing initial claims 
is recognized in the method for calculating unemployment [38]. 
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This does not mean the worker studies these statistics to forecast 
how long he will be unemployed; the worker has more direct infor- 
mation in the form of whether he has job leads, whether his 
acquaintances are bing laid off or hired, etc. The specification 
assumes only that the economic indicator E^ is correlated with the 
personal information of the worker. 
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equation; the SMSA rate of accessions and the SMSA unemployment rate. 

The estimated equation is of the form 

= monthly dummies + a.L^ + ^o^^A^ + a^L^u^ -f a.L^ - 
t Itztt3tt4 t-1 

The variable represents a problem for the estimation, since layoff 
rates are not readily available for the non-manufacturing sector of 
the SMSA. Hence, it is necessary to assume that layoff rates in the 
non-manufacturing sector are equal to layoff rates in the manufacturing 
sector. Then the number of layoffs is equal to the layoff rate in 
manufacturing multiplied by total employment. The specification will 
be fairly accurate if layoff rates in the two sectors are highly 
correlated, except for seasonal differences, which are accounted for 
by the monthly dummies. 

23 

Estimates of the coefficients appear below: 

= monthly dummies + 0.209L^ - 0.108L A 
t t t t 

(.133) 

+ 0.115L u + 0.656L - 0.080L ^A , (98) 
t t t t-1 t-1 

(0.018) (0.111) ^ (.023) 

R-SQR =0.94 

The statistical fit of the equation is close, though it would be 
much closer if non-manufacturing layoff data were available. This 
equation is identical to equation (96) except for the inclusion of 
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Again the method of calculating the unemployment rate leads to some 
circularity; it would be preferable not to use the unemployment rate 
in this equation. See p. 120. However, given the fact that the unem- 
ployment rate must be included in the equation and the fact that the 
only available estimate of the unemployment rate is calculated from 
UI claims, it is better to include u as an indirect factor than as 
a direct factor. The specified equation is driven by layoffs, and 
the unemployment rate enters only indirectly to influence the tran- 
sition rate between layoffs and initial claims. This is superior 
to using the unemployment rate to determine initial claims, though 
some spurious correlation unavoidably remains. 

The estimated sta^idard errors of the parameters appear in paren- 
theses below thii estimated parameters of all the linear equations. 
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monthly dummy variables and the exclusion of the term L^_^u^_^ because 
its coefficient is found to be insignificant. The other interaction 
terms are significant, indicating that the fraction of laid-off workers 
filing initial claims for UI does indeed vary with the demand for labor. 
The signs on the interaction terms indicate the fraction of laid-off 
workers filing a claim increases with an increase in the unemployment 
rate or with a fall in the rate of accessions. This coincides with 
our understanding of the laid-off worker's decision to file an initial 
claim, since both an increase in the unemployment rate and a fall in 
the rate of accessions occur during a fall in the demand for labor. 
This fall in the demand for labor should, and does, cause an increase 
in the fraction of laid-off workers who file initial claims^ 

To find the magnitude of this effect, the initial claims equation 
is summed over the two months we allow for initial claims to be made: 

I = monthly dummies + 0.865L + O.llSLu - 0.188LA (99) 
For mean values of the unemployment rate and the accessions rate the 
above equation implies the (marginal) fraction of laid-off workers 
making initial claims is 0.73. Thus if there are 100 extra lay-offs 
there will be about 73 extra initial claims, during either the same 
month or the next month. But for each one percent increase in the unem- 
ployment rate there will be 12 more initial claims, and for each one 
percent increase in the rate of accessions there will be 19 fewer initial 
claims arising from the 100 layoffs. There is no independent source of 
data with which to compare these figures, but they appear plausible, both 
in direction and magnitude. The intuitive plausibility of the equation 
and its close statistical fit, allow us some confidence in its ability 
to predict initial claims. 

4.4.3 Number of Weeks Compensated 

Not everyone who files a continued claim for UI, and is therefore 
defined as "insured unemployed", receives a UI payment. The claimant 
must serve one "waiting week" before he receives any payments, or he 
may be disqualified from benefits, either temporarily or permanently, 
for various enumerated offenses, such as refusing to accept suitable 
employment. These exceptions reduce the number of weeks actually 
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compensated slightly below the number of insured unemployed. There 
is no strong reason to suspect that the gap between these two numbers 
varies cyclically, and the data suggest that it does not: regressions 
using cyclical variables such as the unemployment rate and the rate of 
accessions to explain the gap were ineffective. Yet a substantial vari- 
ation exists since the simple regression of the dependent variable 
"number of weeks compensated" on the independent variable "insured unem- 
ployment", gives a coefficient of determination of only 0.86. 

The explanation lies in the timing of claims and payments. A 
payment is recorded one or two weeks after the corresponding claim is 
made. A claim filed at the beginning of the current month will corres- 
pond to a payment in the same month, but a claim filed at the end of 
the current month will correspond to a payment in the next month. Pay- 
ments recorded in the current month will correspond to claims in both 
the current and previous months. This leads to a moving average speci- 
fication, 

\ = ^0 + ^2^Vr 

where = number of weeks compensated during month t. 

In the actual estimation monthly dummy variables were included to reflect 
the different seasonal pattern of N as compared with that of lU. 
= monthly dummies + 0.455IU^ + 0.354IU^_^ 

(0.0405) (0.0400) 

R-SQR = 0.975 

The close fit of this equation, exemplified by the high coefficient of 
determination, and the small standard errors of the estimated parameters, 
provides empirical substantiation for the relationship formulated on 
_a priori grounds. The estimated parameters show that 100 additional 
insured unemployed in one month will lead to about 46 additional UI pay- 
ments in the same month and about 35 additional UI payments in the next 
month, leaving about 19 of the additional claimants to go without pay- 
ments. 

4.4.4 Total Amount of Benefits 

During the sample years benefit rates ranged from $16 to $87 per 
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week, depending on the former wages of the insured worker and the 
number of his dependents. Dividing the beneficiaries into groups, the 
average benefit rate paid in Detroit is a weighted sum of the rates 
for different groups: 

f = E R A . (101) 

1 N 

where = the benefit rate for the ith group of beneficiaries 

- the number of beneficiaries in the ith group 

N = the number of weeks compensated -EN. 

i 

B = total amount of benefits (in dollars) 
In order to evaluate the above expression we need some theory of 
the relationship between the weights, N^/N, and the benefit rates, R^. 
A complete analysis would be beyond the bounds of this study, but even 
a simple view of the components of insured unemployment is useful. 

When labor demand is high and ins ired unemployment is low we would 
expect to have a disproportionately large number of "disadvantaged" 
groups on the UI roles. This is because "disadvantaged" workers by 
definition are workers who have trouble finding employment, even when 
aggregate labor demand is high. As labor demand falls, progressively 
more employable workers are laid off and claim UI, so that the propor- 
tion of disadvantaged workers in the insured unemployment roles falls 
also. If we assume further that disadvantaged workers receive lower 
wages when they work and, conversely,, that the more employable workers 
laid off during a cyclical downswing are likely to be higher wage 
workers, then the average wage paid to insured unemployed workers (prior 
to layoff) during a period of high labor demand will be less than during 
a period of low labor demand. Since higher previous wages will bring a 
worker higher UI payments we conclude that average UI benefit rates will 
be higher during periods of high unemployment. 

It is convenient to use the variable "number of weeks compensated" 
to represent labor demand. It is related in a linear equation to insured 



24 

Since January 1, 1972, the maximum weekly benefit rate has been 
changed to $92. 
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unemployment and has the same timing as the dependent variable, B (see 
previous section). Therefore the average benefit rate is assumed to be 
a linear function of the number of weeks compensated: 

^ = + a2N^ . (102) 

t 

Multiplying by N^, 

^t " ^l^t ^2^t^ * ^^^^^ 
Total benefits are thus a quadratic function of the number of weeks 
compensated. 

The above equation fits the data extremely closely, and both of 

its parameters are highly significant: 

B = -294,000 + 47.9 N + 5.77 x lO"^ (104) 
^ (3.60)^ (1.26) ^ 

R-SQUARE = 0.990 

Dividing the above equation by N gives the average benefit rate for 
different levels of N, the number of weeks compensated. To explore 
this dependence the average benefit rate has been calculated for three 
values of N; the mean value of N, a value of N one standard deviation 
less than the mean, and a value of N one standard deviation more than 
the mean. Table 12 shows that the average benefit rate changes sub- 
stantially over the business cycle and that the changes are in accord 
with the previous discussion. When there are few people on the UI 
roles these tend to be the low-wage, low-benefit rate individuals. But 
looser labor markets find higher-wage, higher-benefit rate individuals 
on the UI roles. 

These calculations show that the parameters of the estimated equa- 
tion are in agreement with a. priori reasoning about the components of 
insured unemployment. Taken with the extremely close fit of the regres- 
sion, they provide confidence in the equation as a forecasting tool. 

4.5 The Unemplo3mient Insurance Model in Perspective 

4.5.1 Summary of Equations 
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TABLE 12 



Average Weekly Benefit Rate 



in a Changing Labor Market 



Number of 
weeks 

compensated 
per month 


Aggregate 

labor 

demand 


Average 
weekly 

benefit rate 


Approximate 
corresponding 
weekly income^ 
before layoff 


TTjo o n _ c? f" o /n o T'/n 
lUCdLl o UctllClciirU. 

deviation = 








57,000 


high 


$46.00 


$80.00 


mean = 








122,000 


average 


$52.55 


$94.00 


mean + standard 
deviation = 








188,000 


low 


$57.18 


$103.00 



/ 



These are the weekly incomes which would yield the average weekly 
benefit rate in the column to the left. The average income of UI 
recipients is greater than this amount because of the ceilings on 
benefit rates and the payment of partial benefits. See Michigan 
Employment Security Act, 1970. 
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1) Initial Claims 

I = monthly dummies + a-L^ + a.L^A + a^L u + a.L - (105) 
t lt2ttott4 t-1 

2) Insured Unemployment 

K 

lU^ = Z 6 b . I^ (106) 
t . i tl t-i 

1=0 



where b . = tt r (107) 
ti t-m, i-m 

m=o * 

a^i a^i 

and r^^ = + ^4^ ^t^^t ^6°t ^'^^^^ 



3) Exhaustions 



K 



^^t = Xi b^. (109) 

1=0 

b^^ same as above 

4) Number of Weeks Compensated 

= monthly dummies + ^^-^^t ^2'^^t-l (110) 

5) Amount of Benefits 

B,. = + ^l^t ^2^t^ ^^^^^ 



4.5.2 The UI Model in Perspective 

The five equations which comprise this model have been specified 
In accordance with the structure of the Michigan UI system and economic 
theory. They have been estimated with optimal econometric techniques 
and practical administrative UI data. They have been tested for their 
predictive power within the sample period. They have been studied for 
their implications about manpower behaviors and these implications have 
been scrutinized for their applicability to the real world of Detroit 
workers. No system of equations can be certified to provide error-free 
forecasts, but the scientific procedure followed in developing this 
system is the most likely to provide accurate projections, useful for 
policy guidaace. 
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The only task remaining to validate this model is a dynamic simu- 
lation to test the model's predictive power outside the sample period. 
This requires a special computer program, which is currently under 
development. Simultaneously work is progressing to mathematically 
simulate proposed UI systems. The goal here is to forecast the level 
of claims, payments and exhaustions of revised UI systems before the 
systems are instituted. This will be of great value to those who want 
to alter the existing UI system, but wish to know beforehand what 
level of benefits and costs will result. 

The most immediate application of this model is to the requisition 
of state funds from the U.S. Treasury. Accurate forecasts of UI benefits 
may allow great gains in interest payments because the state will be able 
to determine the minimum level of liquid funds necessary to carry on its 
transactions. In essence the State Employment Service will be more able 
to perform modern planning-programming-budgeting analysis on its UI finds. 

This short-run goal should serve to initiate implementation of the 
model at State Employment Services on a current basis. After experience 
has been gained with the model more long-range benefits can be realized; 
the model can help answer questions about UI legislation and manpower 
issues. Thus the model, which is institued on a limited basis at first, 
can eventually become a key scientific tool for use throughout the 
agencies o£ UI administration. 
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APPENDIX D-1 

THE CONDITIONAL PROBABILITY OF EXHAUSTING UI BENEFITS 



Consider a group of UI claimants who made their initial claims 
in week t-i. Of the people still receiving UI in week t-1, what frac- 
tion will exhaust payments in week t? In order for them to exhaust 
payments, two conditions must apply to them: 

1) They do not get a job in week t. The probability of this 
outcome is the continuation rate, r 

tx 

2) They have a determination of i weeks. The fraction of initial 
claimants having this particular determination is (see p. 129). 
In week t only UI claimants with determinations of i weeks or 
greater are still receiving payments. The number of such people 
is 

K 

^ ^k " ^-1 ^^^2^ 
k=i ^ ^ 

So the fraction of people still receiving payments in week i-1 
and who have a determination of i weeks is 

i i-1 

The above two events are independent, so the probability that both events 
will occur simultaneously is the product of their probabilities: 

V ^i 

\i^ 

1-1 
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APPENDIX D-2 
THE EQUIVALENCE OF THE I-IARKOV PROCESS AND THE 



INSURED UNEMPLOYMENT EQUATION; 



This discussion will begin with equation (85) of 4.3. The first 

element of the column vector X^, is the number of people in the UI state. 

ti 

The number of people in that state with 0 weeks of claims is the number 
of initial claims in that week. The first equatiov^, therefore. 



■ [Jo - 



^t-i- ^^^^^ 



The factor in brackets is the i-step transition probability, substituting 
from the 1-step transition matrix on page 138. The task of this appendix 
is to prove the proposition that the above equation is the same as 
equation (80) and therefore that 



[Jo (''^ ■ 'A 



The proof will employ mathematical induction. It has two parts: 
1) Prove the proposition is true for q* 
The equation states 

Substituting 

^-i.O = ^' ^-i.O = 0' «o = ^ ^""^ ^-i.O = Vi.O = ^' 
both equations reduce to the identity: 

2) Prove that if the proposition is true for 3!U^_^ then it 
is also true for ^U^^: 

Assume IU^_^^^_^ = 6^_^ b^_^^^_^ (118) 
Then lU^^ = (r^^ - e^,) (5^.^ b^_^^^_^ (119) 

where f:^^ - is the 1-step transition probability at time t. 
Substituting e = fiom Appendix D-1. 



i-1 
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using 6^_^ - Xi = 6^ and b^^ = r^^ b^.i^i-i. (121) 

^"ti ^± ^ti ^t-i* Q-E.D. (122) 

K K 

Summing over i, lU = Z lU = 16 h 1 . (123) 

^ i=0 i=0 

This last equation is the insured unemployment equation, showing how it 
can be derived from an extended Markov process. 
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APPENDIX D-3 

THE PROPERTIES OF THE DISTURBAMCE TERM OF THE 
INSURED UNEMPLOYMENT EQUATION 

b^_^ is the only random variable in the Insured unemployment equation 
(80). It is a random variable because it is a function of the vector 
r, which is a function of the random vector _e. 

b^, = n ( 7 , + ) . (124) 

ti ^^q\ t-m,i-m t-m/ 

Let b^ . be the non-random part of b , and b^ . be the random part of b ^ . 
t-i ti ti ^ ti 

Then b^. = b^. + b^. (125) 



where b^. = E , (126) 

ti t-m, i-m ' 

m=0 

and carrying out the product in (117) 

^ti ^ ''ti ''t-l.i-l ^t-2--- ''ti ^t-1 V2,i-2--- ''ti ^t-1 "^t-Z"- 

"t Vl.i-1 V2,i-2--- \ \-2"' \-26 ^^2^^ 

E b . =0 because e is not autocorrelated and E e = 0. 
ti - t 

Substituting (118) into the insured unemployment equation, 

(128) 



t 1 tl t-1 t » 



(129) 



K 

where = E 6^ b 



_ y 6 b I 

t ^ ^'^^ is the disturbance term of the (130) 



insured unemployment equation 
K 



= (\) = Jo ^i ^ ^-1 = 

Let p represent the number of weeks of lag in the autocorrelation 
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function of the disturbance term. Then the autocovariance. function 
of the insured unemployment equation is given by, 



Now b 



(\ Vp) = to !=0 ^i ^{\± ^-P,j ) ^t-i ^t-J-p 

i /i . \ 
. =^ Z / n r^ . \ + 
1 n=0l ra=0 t:-m,x-m 1 t-n 



(132) 



(133) 



cross terms. 



(134) 



Likewise b 



t-P,j 



J 
Z 

n=0 



\m9fcn / 



(135) 



so t)^. b^ ^ , 
ti t--p,j 



^ I ^ . W n r^ ^ 

I _ t-m,i-m|| t-p-m 

\m^n j \ m?£n 



- + cross terms. (136) 

-p-ni,j-m I t-n 



2 2 
Defining a = E (e^) 



(137) 



2 i A 



E fb . b > 2: fn r^ 



V^^n 



IT r 
m=0 



t-p-"m,j' 



-ra ' 



(138) 



therefore e 



0 for p>i 
>0 for 0<p<i 



(139) 



Since all of the terms in the sum in (138) are positive, the larger 
the lag p, the smaller the autucovariance of the disturbance U. 
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Returning to equation (133) and combining it with the information 
from (139) we can reach two conclusions: 

1) The disturbance is heteroscedastic. Equation (133) gives the 
variance of the disturbance when p=0. It varies roughly with 
the square of the variable (initial claims). 

2) The distrubance is autocorrelated. The autocorrelation is 
positive f/r lags of 1 week through K weeks and declines as 
the lengtn of the lag increases. For lags greater than K 
the autocorrelation is zero. 

It is not surprising that autocorrelation of the continued claims 
disturbances exists, since a random error in a continuation rate in 
one week wiJ.l carry over into later weeks. For example suppose an 
exogenous shock raises the continuation rate in week t, resulting in 
more than the expected number of continued claims in that week. Some 
of these additional claimants will continue to make claims in week t+1 
even if the continuation rate drops back to its expected value. There- 
fore the high continuation rate in week t leadc to high continued claims 
in both week t and week t+1 (and weeks t+2 through t+K) . The continued 
claims disturbances will be all positive from week t through week t+k. 
In general this "overflow" effect will cause the residuals to be highly 
positively correlated. 
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APPENDIX D-4 

A TRANSFORMATION TO IMPROVE THE EFFICIENCY OF THE ESTIMATIO N 
BY REDUCING AUTOCORRELATIO N OF THE DISTURBANCE TERM 
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Appendix D-3 shows that the disturbance term is autocorrelated 
of degree K. This is verified in the actual estimations by the finding 
that the residuals from the first fitting are very highly correlated. 

We assume the residuals are a K-th order Markov process: 

^ 1 

u = E d -f' u;:. (140) 

t ^ m t-m t 

m=l 

The {d } are assumed to be approximately constant (but unknown) auto- 
m ^ 

correlation parameters. The term is assumed to be an unautocorrelated 

disturbance term. Thus we have two disturbance terms: U , which is 

1 ^ 
autocorrelated and U which is not autocorrelated. We now transform 

^ 1 
the equation so that the disturbance term is rather than U^. 

Write the model of Insured Unemployment as 

lU^ = IU^(a_) + U^, where lU is the non-linear f sanction of the 

parameter vector a_ in equation (80). Then 

— ^ 1 

lU^ = lU^(a) + Z U^_^ + U^. (141) 

m=l 

Substituting the definition of the autocorrelated residuals, 

^ = lU - lU (a), (142) 
t-m t-m t-m — 

_ K _ 1 

gives lU, = lU (a) + E d [lU - lU (a)] + U (143) 

t t — 1 ^ t--m t-m — t 

m=l 

or lU^ = F^(d,a) + (144) 

This last equation expresses lU^ as the sum of a new non- linear function 
of the two vectors of parameters _a and jd and the unautocorrelated error 
term, U . This equation is used directly to estimate the parameters a^ 
and d^ by choosing parameters jd and which minimize the sum of the 
squares of the residuals defined by 

The minimization is performed subject to the coiiSLraiut Luat the 
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sum of the error terms U be approximately zero. This is necessary 

^ 1 
because the estimation minimizes the sum of square of U rather than 

A A t 

U^, creating the possibility that the residuals will not be centered 
about zero even though 
E (uj) = 0. 

The restriction is imposed by expressing the residuals in equation 
(140) as deviations from their mean, U. The error specification is 
rewritten 



(146) 



To see the implications of this specification it is only necessary to 
sum from the above equation over all t. 

^ - 1 

Z = Z d (Z - Z U) + ZU: (147) 

^ t 1 m t-m t » ■ • 

t m=l t t 

The first term on the right-hand side is approximately zero, leaving 

Z U = Z U"^ (148) 
t ^ t ^ 

/\ 

The estimated residuals U bear an equivalent relationship to the esti- 
"1 

mated residuals U . 

t 

z u = zuj; (149) 
t t 

''I 

The quantity ZU^ will be exactly zero only if there is a constant term 

in the function F^. Since there is no such constant term the quantity 
"1 

term ZU will not necessarily be exactly zero, but it will be very small 
t 

'^l 26 

compared to the absolute size of the residuals or U^. For the 
purposes of this estimation, 

ZU^ = 0. (150) 
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The least-squares method minimizes the sum of squares, ZU^. This 

will require that the residuals be approximately centered about, 
zero, with about half of the residuals positive and half negative. 

Thus the sum ZU"^ will be near zero, 
t ^ 
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Therefore the mean will also be approximately zero and specification 
(146) will be identical to (140). The practical effect of specification 
(146) is therefore to impose the constraint that the sum of the error 
terms be very small but otherwise not to influence the estimation. 

It is easy to show that this method is equivalent to the Hildreth- 
Liu method if the original function is linear and is the same as partial 
differencing the original variables in the Ccise where the original func- 
tion is linear and the autocorrelation parameters are known. The current 
method merely generalizes the philosoply behind those methods to the case 
of non-linear functions. It is often desirable to make allowance for 
autocorrelation of residuals in applications of least-squares methods to 
time series data, whether the functions estimated are linear or non- 
linear. 
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APPENDIX D-5 



RESOLVING THE DIFFERENCES BETWEEN A WEEKLY MODEL AND MONTHLY DATA 
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1) The continuation rates are a function of the number of weeks 
since the workers made initial claims. In the weekly model that concept 
is well-defined since a worker making his i-th weekly continued claim has 
been unemployed i weeks. In the monthly model a person in his second 
month of claims may have been unemployed between 1 and 8 weeks depending 
upon whether he made his initial claim in the beginning or end of the 
first month and whether he made his continued claim in the beginning or 
end of the second month. It is therefore necessary to establish a refer- 
ence point in each month at which point all claims are assumed to occur. 
Each reference point will be defined by its time in weeks since initial 
claim. The durations are calculated as the average time which has elapsed 
since initial claim for all workers making continued claims during that 
month. Considering a single cohort of workers who made their initial 
claim in month 0, the duration of insured unemployment is tabulated in 
column 2 of Table 13. The coefficients 6,^^, which represent the fraction 
of initial claimants who have not yet exhausted their benefits, are cal- 
culated using equation (79) , and the duration of unemployment at the 
reference point in each month. These are tabulated in column 3. 

2) The coefficients b^^ (the fraction of initial claimants still 

unemployed after i weeks of payments) can no longer be calculated as 

the simple product of the continuation rates. If a continuation rate 

persists for (d^ - ^^^.^^ weeks, as we assume in the monthly model, the 

continuation rate for the i-th month is r , (d, - d. -), where d, = the 

i i 1-1 X 

number of weeks of unemployment of the reference point for the i-th 

month. The coefficients b^. can be calculated from 

tl 

i 

b^ = n r^ , (d - d ,) (151) 
ti t-m,i-m m m-i 

m=o 

3) A UI recipient can make a claim for each week he Is unemployed, 

totaling about 4 claims per month, even though he can only make 1 initial 

claim in month 0. Therefore a factor (W.) must be included in the insured 

1 

unemplojrment equation to represent the number of claims which will be 
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made in month 1 if all continuation rates are equal to one. The factors 
are tabulated in column 3, 

The actual equation used to forecast insured unemployment from 
monthly data is 

^"t j "i '± \± \-± (^") 

1=0 

The equation can be derived formally by summing the weekly equation in 

the time domain under the assumptions of constant 6. and b . over the 

^ X tx 

length of one month. 

4) Similar factors can be derived for the exhaustions equation. 
They appear in columns 5 through 7. The only difference is that payments 
(including final payments, which are used to count exhaustions) are 
recorded about a week later than are claims. 

5) This careful adjustment of the model is justified because it 
preserves the identity of the continuation rates between weekly and 
monthly models. Without these considerations it would be necessary to 
define separate weekly and monthly continuation rates, destroying th.« 
coherence of the concept. 
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TABLE 13 



Coefficients Use to Aggregate 
Weekly to Monthly Model 



■ 


Insured unemployment equation 


Exhaustions equation 


Month 
(i) 


Average 

duration of 

unemployment 

assuming IC 

in month 0 

(d,) 
i 


Fraction 
of initial 
claimants 
who have not 
exhausted 

1 


Weekly 
claims 
per 
month 

(w^) 


Average 
duration 
(d,) 


Fraction 
of initial 
claimants who 
exhaust in 
month i (x^) 


i Weekly 
payments 
per 
month 

i 


vJ 


1.075 


1.0 


2.68 


1.43 


0. 


.810 


1 


4.33 


1.0 


4.33 


3.44 


0. 


4.33 




8.66 


1.0 


4.33 


8.00 


.00233 


4.33 


3 


12.9 


.929 


4.33 


12.3 


.0303 


4.33 


4 


17.2 


.769 


4.33 


16.6 


.0372 


4.33 


5 


21.5 


.572 


4.33 . 


21.0 


.0372 


4.33 


6 


25. 


.478 


2.68 


24.5 


.131 


3.494 


7* 




0 


0 


26.0 


.441 


0.25 



A UI recipient would make his 26th (and final) claim in the last week of 
month 6 if he made his initial claim in the last week of month 0. Thus 
there can be no claims in month 7. However, because of the (approximately 
one week) lag in recording payments a final payment may be recorded in 
the first week of month 7. 
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APPENDIX D-6 



MEASURING INSURED UNEMPLOYMENT 



Minor inconsistencies created by the complexity of the Michigan 
UI system and the method of data collection, are easily resolved by 
proper data transformation. 

1) In administrative data continued claims are recorded during 
the week in which they were filed. However they cover insured unem- 
ployment of the preceding week because claimants must file after comple- 
tion of a week of insured unemployment. Therefore insured unemployment 
in week t is equal to the number of continued claims in week t-hl, not 

t. 

2) Some jurisdictions take claims on a bi-weekly basis: either 
"two weeks compensable" (TWC) , or "waiting week and first compensable" 
(WWFC) . Each of these bi-weekly claims represents two weeks of insured 
unemployment, rather than one week. Since separate data is collected 
for each of these t^rpes of data, a simple transformation gives the number 
of \ja±t-^yi^ k' -L-::;: in^^: ared unemployment (WIU) and compensable insured unem- 
plovuient (CIU) in week t: 

WIU^ = TW^^^ - WfC^^^ - WFC^^2 ^1") 

where TW^ is the total number of waiting weeks claimed in week t and 
TC^ is the total number of compensable weeks claimed in week t. 

3) Weeks of unemployment are insured whether they are waiting 
weeks or compensable. Therefore insured unemployment is defined as: 

lU^ = WIU^ + CIU^ (155) 

4) These transformations are applied to weekly data before they 
are aggregated to monthly data. The monthly aggregation is performed 
by adding all of the claims for week wholly within a month plus a frac- 
tion of the claims taken in weeks included within two months. The 
fraction is equal to the number of days of the week within the particular 
month. 
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